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Abstract
The first chapter shows, under an expected-utility framework, the exact theoretical rela-
tionship between willingness to pay (WTP) to reduce small mortality risks, risk reduction,
baseline risk, and income. We propose a scope-revealing value per statistical life (SR-VSL)
that accounts for any lack of scope sensitivity. Using a French stated-preference survey
fielded to a large, nationally representative Internet panel, we explore by how much, and
why, respondents depart from the expected utility predictions. We find that only 40% of
our respondents’ behave as predicted by expected-utility theory. Both high concern for
environmental risks to health, low education, and less time spent completing the survey
are good predictors of deviant answers. Our preferred value per statistical life estimates
range from 2.2 to 3.4 million euros for adults, and over 6 million euros for children. No dif-
ferences are found for disease-specific WTP, particularly, we find no evidence of a premium
for cancer.
The second chapter deals with health economics. Neural tube defects are neurological
conditions affecting 1 in 1000 foetuses in France each year. If a foetus is affected there is a
90% chance of the pregnancy being terminated. Increasing folic acid intake over 400µg per
day two months before and two months after conception reduces prevalence rates by 80%.
Two types of government interventions exist to increase intake and reduce prevalence rates:
(1) fortification of staple food, which increases population intake indiscriminately; (2) social
marketing seeking to increase intake of conceiving women through information provision.
France opted for the latter and has implemented it since mid-2005. This paper sets up a
quasi-experimental setting to measure the impact of the French social marketing campaign
on consumption using a reduced form approach. I combine a detailed scanner data on
grocery purchases with a dataset on macro- and micro- nutrients. Identification exploits
v
the variation in the usefulness of folic acid information between households: households
that are conceiving or want to conceive a child use it, while those that are not conceiving
do not. Additionally, I estimate a demand system on food and nutrients, and plan to
simulate counterfactual choices if households faced a fortification policy. Results suggest
evidence of a positive impact of the information policy on folic acid household availability
and preferences.
The last chapter concerns empirical industrial organization. We structurally identify
consumer shopping costs –real or perceived costs of dealing with a store– using scanner
data on grocery purchases of French households. We present a model of demand for mul-
tiple stores and products consisting of an optimal stopping problem in terms of individual
shopping costs. This rule determines whether to visit one or multiple stores at a shopping
period. We then estimate the parameters of the model and recover the distribution of
shopping costs. We quantify the total shopping cost per store sourced on average. This
cost has two components, namely, the mean fixed shopping cost and mean total transport
cost per trip. We show that consumers able to source three or more grocery stores have
zero shopping costs, which rationalizes the low proportion of three-stop shoppers observed
in our data. Theory predicts that when shopping costs are taken into account in economic
analysis, some seemingly pro-competitive practices can be welfare reducing and motivate
policy intervention. Such striking findings remain empirically untested. This paper is a
first step towards filling this gap.
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Résumé
Dans le premier chapitre, co-écrit avec James Hammitt, nous proposons une relation
théorique entre la propension à payer entre la réduction de petits risques de mortalité,
la réduction de risques, la probabilité de survivre et le revenu. En plus, nous proposons
une valeur de la vie statistique qui prend en compte la qualité des réponses. En utilisant
une enquete de préférences déclarées dirigée à un échantillon représentatif de la population
française nous explorons de combien et pourquoi les répondants s’éloignent des prédictions
de la théorie de l’utilité espérée. On trouve que 40% des répondants se comporte comme la
théorie d?utilité espérée prédit. Nos spécifications préférées estime une valeur statistique
de la vie entre 2.2 et 3.4 millions d’euro pour un adulte et 6 millions d’euro pour un enfant.
Le deuxième chapitre s’intéresse à l’impact d’une campagne d’information de santé
publique en France sur le comportement d’achat des consommateurs. Les motivations
économiques derrière l’intervention publique dans le domaine de la santé et la nutrition sont
partiellement soutenues par l’idée que les consommateurs ne disposent pas de l’information
suffisante pour la prise d’une bonne décision. Dans cet article je prends comme étude de cas
les maladies de tubes neurales, une maladie neurologique qui affecte 1 sur 1000 nouveaux
née en France chaque année. J’utilise une méthode quasi expérimentale pour mesurer
l’impact de la campagne d’information française sur la consommation d’acide folique à
l’aide d’une approche réduite. Je combine une base de données très détaillée concernant
les achats de nourriture avec une base de données de macro et micro nutriments. La
stratégie d’identification consiste à exploiter la variation dans la nécessité de l’information
concernant l’acide folique parmi les foyers: ceux qui sont en train de concevoir un bébé ou
qui désirent en concevoir l’utilisent, tandis que ceux qui ne sont pas en train de concevoir
ne l’utilisent pas. En outre, je fais une estimation structurelle de la demande de nourriture
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et de nutriments afin de capturer les changements potentiels des préférences qui auraient
été causées par l’intervention. Les résultats suggèrent que la campagne d’information a eu
un impact positif sur les préférences d’acide folique des foyers en risque et qu’elle a aidé à
augmenter la disponibilité d’acide folique dans ces foyers.
Finalement, en collaboration avec Jorge Florez-Acosta, nous identifions les couts d’achat
des consommateurs à l’aide d’une approche structurelle en utilisant une base de données
des achats de nourriture des foyers français. Les couts d’achat représentent les couts réels
ou perçus de visiter un nouveau magasin. Nous présentons un modèle de demande pour
des magasins et des biens multiples qui représente le problème d’optimisation du nombre
de visite en termes de couts d’achat individuels. Cette régle détermine si un consommateur
visiterait un ou plusieurs magasins durant une période d’achat déterminée. Ensuite, nous
estimons les paramètres du modèle et la distribution des couts d’achat. Nous quantifions
les couts d’achat moyens par magasin visité. Ces couts ont deux composantes : un cout
moyen d’achat fixe et un cout moyen de transport par déplacement. Nous montrons que
les consommateurs en capacité de visiter trois ou plus de magasins ont des couts d’achat
inférieure à zéro, ce qui explique la faible proportion de consommateurs visitant trois ou
plus de magasins présents dans notre base de données. Une fois les couts d’achat sont pris
en compte, la théorie montre que des pratiques, supposé, pro-concurrentiel peuvent réduire
le bien-etre et motiver l’intervention publique. Tels résultats théoriques n’ont toujours pas
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Introduction
This dissertation consists on three seemingly independent chapters. They represent
the culmination of fortunate discussions, helpful guidance and goals that I had before
and during the Ph.D. process. Each chapter represents an interest that was cultivated
by interacting with friends, colleagues and family. This thesis is a balanced mix between
empirical, structural and theoretical approaches to answer policy relevant questions.
The first chapter deals with constructing theoretical and empirical validity checks for
stated preference studies of non-marketed goods. The second chapter evaluates the impact
of a public health intervention using both reduced and structural approaches. The last
chapter develops a theoretical and empirical model to identify consumers’ shopping costs
and their impact on the bargaining relationship between retailers and manufacturers.
In the first chapter, "Believe only half of what you see: the role of preference hetero-
geneity in contingent valuation", in collaboration with my supervisor James Hammitt we
propose a theoretical relationship between willingness to pay (WTP) to reduce small mortal-
ity risks, risk reduction, baseline risk, and income. Moreover, we propose a scope-revealing
value per statistical life (SR-VSL) that accounts for quality of the answers. Using a French
stated-preference survey fielded to a large nationally representative internet panel, we ex-
plore by how much, and why, respondents depart from the expected utility predictions.
The idea of exploring preference heterogeneity came from the role it plays in industrial
organization and how it is used to break the independence of irrelevant alternatives on
demand estimation.
In the second chapter, "Folic acid advisories: a public health issue?" I investigate the
impact of a public health advisory campaign in France on groceries purchase patterns.
Economic motivations for government interventions on health and nutrition are partly
1
founded on the idea that consumers do not have enough information to make a good
decision. I take as a case study neural tube defects, which are neurological conditions
affecting 1 in 1000 foetuses in France each year. If a foetus is affected, pregnancy has
a 90% change to be interrupted. Increasing folic acid intake over 400µg per day two
months before and two months after conception reduces prevalence rates by 80%. This
paper sets up a quasi-experimental setting to measure the impact of the french social
marketing campaign on consumption of folic acid using a reduced form approach. I combine
a detailed scanner dataset on grocery purchases with a dataset on macro- and micro-
nutrients. Identification exploits the variation in the usefulness of folic acid information
between households: households that are conceiving or want to conceive a child use it,
while those that are not conceiving do not. Additionally, I structurally estimate a demand
system on food and nutrients to capture potential changes in preferences caused by the
policy. Results suggest that the information campaign had a positive impact on households
at-risk preferences over folic acid and increased their folic acid availability.
Finally, in collaboration with Jorge Florez, "Multi product retailing and consumer shop-
ping patterns: the role of shopping costs", we structurally identify consumer shopping costs
—real or perceived costs of dealing with a store— using scanner data on grocery purchases
of French households. We present a model of demand for multiple stores and products
consisting of an optimal stopping problem in terms of individual shopping costs. This
rule determines whether to visit one or multiple stores at a shopping period. We then
estimate the parameters of the model and recover the distribution of shopping costs. We
quantify the total shopping cost per store sourced on average. This cost has two compo-
nents, namely, the mean fixed shopping cost and mean total transport cost per trip. We
show that consumers able to source three or more grocery stores have zero shopping costs,
which rationalizes the low proportion of three-stop shoppers observed in our data. The-
ory predicts that when shopping costs are included in economic analysis, some seemingly
pro-competitive practices can be welfare reducing and motivate policy intervention. Such
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CHAPTER 1. CONTINGENT VALUATION
1.1 Introduction
"From dubious to hopeless", this famous title from Hausman (2012), crystallizes
the opposition that hypothetical markets, or the contingent valuation method (CVM)
has generated in the literature. Despite the criticism, CVM remains one of the main
sources for estimating the marginal rate of substitution between small changes in
the probability of death and wealth, or "Value per Statistical Life" (VSL).1 "Is some
number better than no number?" Diamond et al. (1994) argue that if CVMs do not
correctly elicit preferences the answer is no. It is crucial to have, assess and report
theoretical validity checks of elicited preferences if the results from a CVM are to be
used for policy.
How to assess validity, when the goal is to elicit respondents’ preferences over
small changes in mortality risks? Provided respondents see the results as potentially
influencing governments, and care about the outcome of the survey, economists can
use theoretical predictions to assess validity (Carson & Groves 2007). Theoretically
(Carson & Mitchell 2013), respondents’ answers should be sensitive to character-
istics that matter. In our context, respondents willingness to pay (WTP) should
increase with the scope of the good. Concretely, WTP should increase with the
magnitude of the risk reduction. For small risk reductions, WTP should increase
near-proportionally to its size (Corso et al., 2001). In addition, respondents’ WTP
to reduce a risk to an entire household should be at least as large as the minimum
WTP to reduce that risk to any individual member. Additionally, respondents’ WTP
should be sensitive to wealth, specifically, in our context, WTP should not decrease
with wealth. Moreover, respondents’ answers should not be sensitive to characteris-
tics that, in theory, do not matter, such as question framing. Finally, respondents’
WTP should not vary with small differences in baseline risks, (Graham & Hammitt
1999; Hammitt 2000a).2
1 VSL accounts for the lion’s share of benefits in many cost-benefit assessments. A retrospective analysis
of the Clean Air Act indicates that mortality risks account for 95 percent of the present value of monetized
benefits from 1970 to 1990 (EPA 1997; Hammitt & Robinson 2011). As a result, different values of VSL
may radically change the spectrum of alternative policies that could be cost-beneficial.
2As shall be seen in section 2, by theoretical validity we assume that the relevant model is that of
an agent that maximizes its expected utility. Expected utility is the canonical theory of choice under
5
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We present stated-preference estimates of WTP to reduce mortality risks to iden-
tified individuals: the respondent him or herself, their child, another adult living in
the household, or everyone in the household. Hypothetical mortality risks are asso-
ciated with pesticide residues on food, and risk reductions are embodied through an
alternative food produced following a hypothetical, "pesticide security system" war-
ranted by the state. Risks are described as a function of baseline risk of illness (with
the conventional food type), risk reduction (with the alternative food type), affected
organ (brain, bladder, liver, lymphocytes), disease type (cancer, non-cancer), and
latency period (1, 10, 20 years). These characteristics are randomly varied across re-
spondents using a full factorial design. Estimates are obtained using a representative
French internet panel, CSA. A total of 1000 respondents completed our survey.
This article has the following objectives: (1) to propose an additional measure of
VSL that reflects the quality of respondents’ answers; (2) to implement our theoretical
predictions and to investigate by how much, and why, individuals depart from the
expected utility framework, by looking at respondents’ heterogeneity in preferences;
(3) to provide new estimates of VSL for the French population and how these vary
depending on characteristics of the disease and affected individual.
Despite the measure’s policy relevance, only a few papers have tried to estimate
VSL in France.3 Most of them have issues regarding their economic validity.4 We
propose VSL estimates for France that satisfy economic validity criteria. Our esti-
mates range from 2.2 to 3.4 million AC for adults, and 6 million AC for children. No
differences are found for disease specific WTP, particularly, we find no evidence of
higher WTP to reduce risk of cancer compared to other fatal diseases.
uncertainty in economics (Jones-Lee, 1974).
3 In 2013 the French administration updated its guidelines for project evaluation with the Rapport
Quinet. The VSL endorsed by the Rapport was extracted from a recent OECD meta-analysis done in
2012, which contained all available studies eliciting VSL in France. Most estimate monetary values for a
risk reduction associated with transportation, or pollution. Only one focuses on valuing risk reductions for
various forms of cancer or other type of degenerative diseases (Oken et al. 2012).
4For example: using the same questionnaire as Alberini et al. (2006), Desaigues et. al (2007) estimated
the valuation of life expectancy gain due to a reduction of air pollution in France. They report a large
embedding effect (Kahneman et al. 1992) between the risk reduction questions of 1 and 5 in 1000. They
report a ratio between the WTP for 5/1000 and 1/1000 of 1.6; theory suggests that it should have been
close to 5. The estimates for the value of a life year (VOLY) range from 0.02 to 0.22 million AC with a mean
VSL of 4.12 million AC.
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Our survey instrument is adapted from one administered in the United States
by Hammitt and Haninger (2010). In the US, it produced results consistent with
our validity criteria, i.e., WTP increasing and nearly proportional to magnitude of
the risk reduction, independent of small differences in baseline risk, and increasing
with income. In our French sample, responses are also broadly consistent with va-
lidity criteria. However, looking at individual preference heterogeneity casts doubts
over the apparent validity of our CVM. Although respondents’ answers are consis-
tent with theoretical predictions, when they are endogenously classified into three or
more homogeneous subgroups (using latent class analysis), a rich underlying story
is revealed. In total, 59 % of our sample violates the predictions derived from the
standard expected-utility model. The data reveal that 30% of respondents have a
willingness to pay that greatly exceeds their monthly income, thus probably violat-
ing their budgetary constraint. Twenty-nine percent of our respondents have a WTP
that increases with a lower baseline risk, violating the insensitivity to baseline risk
criterion. We find that what drives the membership to the remaining 41% is spending
more time completing the survey and expressing less concern about environmental
quality than other respondents.
The study is organized as follows: Section II provides a theoretical background
and a comprehensive literature review on CV validity; Section III provides details
on the survey design; Section IV reports the econometric model, Section V reports
results, Section VI discusses the results, and concludes.
1.2 What makes a CV study credible?
Carson & Groves (2007) identify two backbone criteria and a property that have to
be satisfied if a survey is to produce policy relevant information: (1) respondents need
to believe the survey could influence government actions; (2) respondents must care
about the outcome of those actions. Carson & Groves (2007) term a survey satisfying
both criteria as consequential. 5 They argue that only consequential surveys can be
5Here are examples of inconsequential questions: "(a) being asked of a population or at a location that
is irrelevant from the perspective of an agency seeking input on a decision, (b) providing few, if any, details
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interpreted in economic terms. Furthermore, they put forward a face-value property,
which they define as "the property that respondents always truthfully answer the
specific survey question being asked. There are two aspects of this property: (a)
that respondents always answer truthfully, and (b) that respondents always correctly
understand and answer the question being asked."
First, we will set out our theoretical background and then we will discuss how
some of our theoretical implication have been dealt with in the literature.
1.2.1 Theoretical background
We assume a one period, state dependent expected utility framework to explore
the monetary trade-off that consumers face when considering a reduction in risk. Take
a simple preference specification where utility derives from wealth (w), uj = uj (w),
where j = A,D denote the two possible states, alive or dead, respectively. The utility
of death is associated with bequest motives.
Assuming π denotes the probability of survival, expected utility is given by
E (U) = πuA (w) + (1 − π)uD (w). Let the willingness to pay to reduce the risk
by the amount, e, denoted by P (e, w, π), be defined by:6
(π + e)uA (w − P (e, w, π)) + (1 − π − e)uD (w − P (e, w, π)) = πuA (w) + (1 − π)uD (w)
where uj is such that u′j > 0 and u
′′
j ≤ 0 for j = {A,D}. Moreover, we assume that
the utility of income is larger when alive than dead, uA > uD, as well as for marginal
utility of income, u′A > u
′
D ≥ 0.
7 Note that when e = 0 then P (e, w, π) = 0.
Moreover, the marginal rate of substitution between risk reduction, e and wealth,
w is then:
about the goods and how they would actually be provided, (c) asking about goods that are implausible to
provide, or (d) about an implausible price for them." Carson & Groves (2007).
6We assume that both e and π are exogenous to the individual.
7If we assume the utility of bequest to be zero, the willingness to pay, P (e, w, π), we can re-express the






Here, it is clear that P (e, w, π) < w.
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∂P (e, w, π)
∂e
=
uA (w − P (e, w, π)) − uD (w − P (e, w, π))
(π + e)u
′
A (w − P (e, w, π)) + (1 − π − e)u
′
D (w − P (e, w, π))
> 0.
(1.1)
We define the value per statistical life, VSL, as the slope of the WTP function
evaluated at zero risk reduction:
V SL =






Let, ηwtpe , η
wtp
w , and η
wtp
1−π, denote the elasticity of substitution between willingness
to pay P (e, w, π) and the risk reduction e, income w, and baseline risk probability,
1-π, respectively. Moreover denote by ηV SLw , the elasticity of substitution between
VSL and income. The following results hold:
lim
e→0
ηwtpe = 1 (1.3)
ηV SLw = lime→0





















P (e, w, π) < w. (1.6)
Hence, for any utility function satisfying our assumptions, if the risk reduction is
small enough, an increase of the risk reduction by 1% increases willingness to pay by
1%, an increase of income increases by a positive percentage willingness to pay, and
an increase of baseline risk has virtually no effect on WTP.8
If we accept the standard expected-utility model,9 equations (1.3), (1.4), (1.5) and
8Derivations of the three functional relationships are in the appendix.
9Hammitt (2000a) makes a parallel between the standard expected-utility model and alternative theories
of decision making under uncertainty. He argues that the sole requirement to satisfy near-proportionality
is local linearity in probabilities (Machina 1992). One case where near-proportionality does not hold is
when willingness to pay functions are not smooth in the risk reduction (Kahneman & Tversky 1979). For
example, when individuals are willing to pay for a risk reduction only if the risk reduction is above a certain
threshold that they consider meaningful, the results above do not hold.
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(1.6), provide powerful, yet simple, testable implications, which are key in assessing
whether a contingent valuation survey is valid.
Table 1.1 summarizes the empirical tests to be performed. As we deal with
household level risk reductions we provide two additional tests corresponding to our
specific context. Each can be regarded as a form of scope sensitivity test: (1) WTP
for a risk reduction affecting everyone in a household should be at least as large
as the minimum WTP for any individual person living in the household; (2) when
households are composed of a single individual, the differences between WTP to
reduce risk to the household and to the individual should be zero.
Table 1.1 Validity tests summary
Characteristics Criterion Test Name of the test
Risk reduction ηwtpe = 1 β̂1 > 0,β̂1= 1, s. RR-test
Baseline risk ηwtp1−π ≈ 0 β̂2 = 0, n.s. BLR-test
Income ηwtpw > 0 β̂3 > 0, s. INC-test
Budget w > P (e, w, π) P̂ < Income B-test
Risk reduction for not HH-WTP ≥ min ind. WTP β6 ≥ min {0, β4, β5} HH-WTP1
single person HH
Risk reduction for HH-WTP = WTP for self β7 = 0 , n.s. HH-WTP2
single person HH
Notes: To fix ideas, consider a case in which we observe WTP, P (e, wi, π), for a risk reduction
e. Let WTP be defined as: log(Pi (e, wi, π)) = β1log(RRi) + β2log(BLRi) + β3log(INCi) +
β4Childi+β5OAdulti+β6HHi+β7SP Hi+ziβ8+ξ+ǫi, where, RRi, BLRi and INCi correspond
to the risk reduction, baseline risk and income variables, respectively. Childi, OAdulti, SP Hi
and HHi correspond valuations of risk reductions addressed to a child, on other adult, a single
person household or a household composed of more than one individual.
s. and n.s. denote significant and not significantly different from zero, respectively. P̂ denotes
the estimated willingness to pay for the mortality risk reduction. HH-WTP denotes willingness
to pay to reduce risk addressed to the entire household.
1.2.2 Scope sensitivity in the literature
The prior section describes theoretical predictions and validity tests for CVM
valuing small risk reductions. We now discuss how some of these predictions have
been faced in the literature.
There is strong opposition against the validity of CVM. The main issue raised is
the embedding effect. It occurs if "the same good is assigned a lower value if WTP
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for it is inferred from WTP for a more inclusive good rather than if the particular
good is evaluated on its own" (Kahneman & Knestch 1992, p. 58). The persistence
of the embedding effect across CVMs makes it the most worrisome issue in the CVM
literature. The failure of sensitivity to scope in CVM has been interpreted (1) as a
failure of CVM as a measurement tool to elicit preferences (Kahneman & Knetsch
1992; Diamond et al. 1994) and (2) as reflecting the incapacity of individuals to form
preferences over (public) goods (Diamond et al. 1994).
Alternatively, others have considered that the failure might be due to a poor sur-
vey design. Hammitt & Graham (1999) report that only 9 out of 25 CVM studies
of reductions in health risks are found to exhibit scope sensitivity. They conclude
that addressing the scope insensitivity issue is a question of respondents’ correct un-
derstanding of the good being valued, requiring a good ’study design’. 10 Corso et
al. (2001) find that the use of visual aids reduces the scope insensitivity problem.
Moreover, Corso et al. (2001) distinguish between strong and weak scope sensitiv-
ity, where strong refers to WTP that is nearly proportional to risk reduction and
weak to WTP that is statistically significantly increasing with risk reduction. From
the 9 studies identified by Hammitt & Graham (1999), none exhibited strong scope
sensitivity.
Understanding the trade-off between risk reduction and wealth is closely corre-
lated with cognitive effort exerted during the task. Time spent on answering the sur-
vey, as a proxy for cognitive effort, might explain the weak scope sensitivity. Nielsen
et al. (2011) analyse the relationship between scope sensitivity and response time.
They find a negative relationship between scope sensitivity and time spent on com-
pleting the questionnaire: the quicker respondents answer, the lower the probability
of being sensitive to scope.
More recently, Rubinstein (2013) adopts the fast and slow perspective advocated
by Kahneman (2011). The idea suggests two types of reasoning: (1) a fast and in-
10Consumers tend to commit mistakes when low probabilities are at hand, even in real world situations.
Citing Carson (2012): "low-probability risks are often poorly understood in contingent valuation surveys,
as they are by consumers in the real-world behaviour involving financial planning and insurance decisions."
(p.35)
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stinctive one, dubbed system 1, and (2) a slow cognitive one, system 2. Rubenstein’s
finding suggests that quick, and instinctive, respondents are more prone to error
than those who take their time. He highlights that response time, although noisy, is
a useful tool for the evaluation of experimental results. Visual aids would be useless
if the respondents are inattentively clicking through the survey. For this reason, we
include this type of para-data into our analysis.11
Weak, and even lack of, scope sensitivity could also find its roots in individuals’
limited attention resources. Cameron & DeShazo (2013) implement a structural
model accounting for individuals’ attention limitation. Individuals may care about
many attributes but given their constrained attention, can attend to only a limited
set. When a model yields an estimated marginal utility of zero, it may be misleading;
it is not that individuals do not care about the characteristic, it is simply too costly
to attend to it. Our approach mirrors Cameron’s and DeShazo’s (2013) model from
a reduced form point of view. We are able to identify groups of respondents who
attend to some characteristics, but not others.
In some cases, when non-satiation is violated, scope sensitivity might not be a
necessary condition for a CV to elicit preferences. Banerjee et al. (2005) provides a
simple example to show that scope is not necessary: "[. . . ] consider a consumer whose
preferences are represented by a utility function given by U (a, b) = min {a+ b, 2b}.
The expansion path of this utility lies along a 45◦ line through the origin; a typical
indifference curve is piecewise linear with slope -1 above the 45◦ line and slope zero
below. Pick any bundle, (a, b) where a lies on or below the 45◦ line. Since the indif-
ference curve through the bundle (a, b) is horizontal for any increment B of a, scope
sensitivity is violated. But because the preferences of this consumer are represented
by a utility function, her preferences are regular. Hence regular preferences do not
guarantee scope." (p.6). 12 Moreover, scope sensitivity is not a sufficient condition
11Para-data are the data generated by the respondents while completing the survey. They concern how
respondents answered, not what they answered. The time the respondents took to complete the survey and
the number of clicks the respondents made are examples of para-data. This valuable source of information is
obtainable through the use of internet surveys, and has been largely unexploited in the contingent valuation
literature.
12 Banerjee et al. (2005) shows that only under assumptions of continuous, strongly monotonic and total
preferences we should expect scope sensitivity. It is only under these assumptions that the validity of the
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for validity; e.g. if WTP exceeds individual wealth.
1.2.3 Baseline Risk in the literature
Under our standard model, WTP is insensitive to small changes in baseline risk.
This does not hold under other modelling assumptions. For example, allowing agents
to self-protect, by introducing a risk reducing technology, Liu et al. (2006) showed
that the relationship between the baseline probability of death and willingness to
pay to reduce fatality risks could be negative. Also, Breyer et al. (2002) find that
when bequest motives, along with a sufficient amount of non-inheritable capital are
allowed, the relationship between baseline risk and WTP is negative. Despite provid-
ing models where a negative relationship between WTP and baseline risk can survive,
neither provide a sense of the magnitude of the effect.
Finally, empirical evidence of a negative relationship can be found in Smith &
Desvousges, (1987). They estimated WTP to pay to reduce risk of death from haz-
ardous waste and found a negative relationship between WTP and baseline risk.
1.2.4 Income elasticity in the literature
There is a general consensus in the theoretical literature that income elasticity of
VSL is positive. Eeckhoudt & Hammitt (2001), as well as Kaplow (2005) derive that,
under an expected utility framework, the relative risk aversion coefficient for wealth
is a lower bound for income elasticity of VSL. Hence if an agent is risk averse, her
income elasticity should be positive. The connection can be understood as follows.
VSL depends on the marginal utility cost of expenditures to reduce mortality risks.
It follows that VSL depends on how the marginal utility cost of such expenditures
varies with income levels, in other words, how the marginal utility of income falls as
income increases. The coefficient of risk aversion is the measure of this rate (Evans
& Smith 2010).
Arrow’s (1971) seminal work on behaviour under uncertainty suggests that the
coefficient of risk aversion should be at least 1. (Watt and Vasquez 2012). Empirical
scope sensitivity test can hold.
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estimates are in the order of 1, 10 or above (Kaplow 2005, Campbell 2003, Chetty
2003).
Evans & Smith (2010) construct a theoretical setting that, unlike Kaplow (2005),
introduces behavioural changes to exogenous income shocks, e.g., a spouse enters the
labour market if the other spouse faces unemployment. As a consequence, income
elasticity would be smaller than with no behavioural changes. Moreover, by allowing
consumption and labour to be complementary, the elasticity is also decreased; a
higher level of consumption would decrease the dis-utility for an additional hour of
work. Both results suggest that income elasticity might be smaller than the coefficient
of relative risk aversion.
Empirically, income elasticity of VSL can be estimated from at least two sources:
(1) wage-differential studies, (2) contingent valuation. For the former, Viscusi & Aldy
(2003) survey a relevant body of the literature and find that income elasticity of VSL
is in the range of 0.5 and 0.6 with the upper bound of the 95 percent confidence
interval falling below 1. Doucouliagos et al. (2014) find income elasticity estimates
to be between 0.25 and 0.6; the study includes both wage-differential studies, as
well as stated-preference estimates. More recently, Viscusi (2015) using data from
the Census of Fatal Occupational Injuries (CFOI) find estimates close to 1. Stated
preference methods also provide estimates for income elasticity. Alberini et al. (2004)
find elasticities ranging from 0.2 to 0.3 on a multi-country study. Similarly, Hammitt
& Haninger (2010) find elasticities of 0.1 to 0.3 in a study of valuing pesticide risks
to adults and children.
Notwithstanding, contingent valuation studies do not always find a significant
relationship between income and VSL. Does that imply an automatic rejection of
validity? Given theoretical and empirical evidence, we believe that verifying income
elasticity is at least not negative is a viable validity check.
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1.2.5 How to compute VSL, empirically?
Implicitly CVMs valuing small risk reduction assume, when computing the VSL,
that respondents behave as expected utility theory predicts. Deviations from the
canonical expected utility framework, reflected by scope insensitivity, need to be
accounted for.
When eliciting preferences, generally, the respondents are asked to consider dis-
crete hypothetical mortality risk reductions. It follows that there are several statistics
a researcher can use to approximate the VSL. To fix ideas, let ec denote a risk reduc-
tion between, e1 = 110000 and e2 =
2
10000
. Furthermore, let Pej denote the willingness
to pay for risk reduction, ej, where j = {1, 2, c}. With this setting, there are at least























where V SLec corresponds the value of statistical for a risk reduction ec and η
wtp
e
corresponds to the WTP elasticity with respect to the risk reduction. We will denote
V SLec as SR-VSL. In the literature, the most prevalent statistics used are (1.7) and
(1.8), and often the mean between both. To our knowledge, (1.9) is not used.
Theoretically, the differences between these measures are minimal for small risk
13Please refer to the appendix to have a detailed explanation of how we derive them.
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reductions (in the limit as e2 → 0 they are equal). Empirically, a large majority
of contingent valuation studies addressing mortality risk reductions suffer from lack
of scope sensitivity, which leads the statistics to differ substantially. Despite the
latter issue, the use of statistics (1.7) and (1.8) provide researchers/policy-makers
with positive, statistically significant, and perhaps misleading values (Diamond et al.
1994).
Regarding the quality of CVM, economic theory suggests a dichotomous approach;
either it is good or not. If there is appropriate scope-sensitivity, VSL computed
from (1.9) is very close from to the value calculated (1.7), whereas, if there is no
scope-sensitivity the value is close to zero. In this respect, the use of (1.9) reveals
information about the scope sensitivity of the CVM. For the previous extreme cases,
it suggests that SR-VSL is a better choice than either V SLe1, or V SLe2. For weak
scope sensitivity it is not as clear cut.14 What is clear is that, under weak scope
sensitivity, SR-VSL is the lower bound reflecting the quality of the survey with lower
values for VSL.
1.3 Survey design
1.3.1 Structure of the questionnaire and survey administration
The survey was conducted in 2012, with the goal to elicit WTP for a reduc-
tion in the probability of death from consuming pesticide residues on food. The
questionnaire was identical, save for language and other minor differences, to the
questionnaire used by Hammitt & Haninger (2010). The survey was administered to
a random sample of the CSA internet panel. Panel members were recruited through
random e-mails and closely matched to the French national population with quotas on
age, socio-economic factors, gender and geographical variables. Data were gathered
in 2 waves between July and August 2012. We had 1000 completed interviews.
Respondents were asked to value reductions in the risk of a fatal disease that
14If scope sensitivity is 0.5, when theoretically we expect 1, does it mean that the quality of the survey
is 50%?
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might affect a specified target: himself or herself, a child (aged between 2 and 18
years) or another adult living in their household. The risk was described as due
to pesticide residues on food that only the individual would eat. Reduction of the
risk was made possible by purchasing an otherwise identical food produced through
a hypothetical "Pesticide Safety System" that used alternative pesticides which are
safer to humans (i.e., the alternative is not organically grown food). The baseline
risk (3 or 4 per 10,000 per year) and risk reduction (1 or 2 per 10,000 per year) were
illustrated using a visual aid (Corso et al. 2001) in which areas of the computer screen
proportional to these probabilities, and the complementary probability of no illness
were distinctively coloured. The adverse health effect was described as a chronic fatal
disease, either cancer or non-cancer, affecting the bladder, brain, liver or blood. The
symptoms of the disease would first appear after a latency period of 1, 10, or 20 years.
Respondents were asked to evaluate the current health of the target individual, and
their health conditional on suffering the specified illness, using a numerical scale on
which 100 corresponds to full health and 0 to a state as bad as dead, and using the
EQ-5D health state classification system (EuroQol Group 1990).
Before the valuation questions, respondents were presented with two practice
questions with feedback. In the first, one food type was both safer and less expensive
than the other. Respondents who chose the dominant alternative were told that the
food they had selected was both safer and less expensive than the other and that
this was the logical choice. Respondents who chose the dominated alternative were
told that the food they had selected was both less safe and more expensive than the
other and invited to choose again. In the second practice question, neither alternative
was dominant. Respondents were told the food they had chosen was safer and more
expensive, or less safe and less expensive, as appropriate and asked to confirm that
was the choice they preferred.
In each valuation question, the initial risk, risk reduction using the alternative
food type, and additional annual cost of the alternative food type were specified
and the respondent asked to choose which food type he or she would select. Values
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were elicited using a standard double-bounded binary-choice format (Hanemann et al.
1991). The initial bid (the incremental cost of the safer food type) varied between AC10
and AC6,000 per year; the follow-up bid was twice the initial bid for respondents who
indicated they would choose the safer food in the initial question and half the initial
bid for other respondents. By asking the respondent to evaluate health conditional
on having the disease immediately prior to the valuation question we attempted to
focus his or her attention on the characteristics of the disease risk to be reduced.
A total of 1000 respondents and 2263 risk reductions are included in the analysis.
Our final sample consists of 186 single-person households, 284 households that include
at least one other adult and no child, 125 households that include no other adult
and at least one child, and 359 households that include at least one other adult
and one child. Non-response to questions regarding monthly household income was
about 16%. Missing values were imputed as the average conditional on the type of
household.
1.3.2 Data
Table 1.2 reports on demographics. Sample means and standard deviations are
taken for the entire sample, and for each sub-sample of respondents who answered
questions about risk to a child or to another adult living in the respondent’s house-
hold. The average age of a respondent is 44 years with a fifty percent chance that
the respondent is a female and has a bachelors degree. The net monthly income (in
2012 AC) of the average household is 2885 AC, and concern about the quality of the
environment is 3.7 on a scale from 1 (low) to 5 (high).
Table 1.3 reports on survey para-data and design. Median time to complete the
survey is 17 minutes. The means for baseline risk, risk reduction, latency, cancer and
affected organ confirm that randomization was successful.
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Table 1.2 Household summary statistics
Pooled Self Child Other Adult
Age of person at risk 35.87 44.10 9.25 44.71
(19.12) (12.82) (5.15) (14.20)
Female 0.53 0.57 0.47 0.51
(0.49) (0.50) (0.50) (0.50)
Current health state 81.08 78.39 91.97 78.81
(12.91) (16.26) (8.70) (17.36)
Disease health state 48.20 48.03 46.03 51.97
(26.35) (27.63) (30.50) (29.84)
Current health (EQ-5D score) 0.88 0.86 0.95 0.87
(0.10) (0.14) (0.10) (0.14)
Disease health state (EQ-5D score) 0.48 0.48 0.45 0.51
(0.33) (0.34) (0.37) (0.34)
Loss in EQ-5D score when ill 0.40 0.38 0.51 0.36
(0.33) (0.34) (0.38) (0.36)






Notes: Female is a dummy variable taking the value 1 when female, 0 otherwise. Current health state is a self
reported measure of current health ranging from 0 to 100, respectively. Disease health state is a self-reported
measure of health when sick with the disease described in the survey ranging from 0 to 100. EQ-5D score for
illness is computed using standard weights. Environmental concern is a self reported variable ranging from 1(low)
to 5(high). Income corresponds to household net income in 2012 euros.
Table 1.3 Para-data summary statistics
Pooled S.D.
Time completing the survey 17.23 7.14
Baseline risk 3.5 0.50







Notes: Time completing the survey corresponds to the median time. Baseline
risk and risk reduction are per 10000 persons. Latency is over 10, 20 or 30
years. Cancer, is a dummy variable equal to 1 if the disease is described as
cancer. Bladder, Brain, Blood, are equal to 1 if the affect organ is bladder,
brain or blood, respectively, zero otherwise. The omitted organ is the liver.
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1.4 Empirical implementation
Unobserved individual heterogeneity abounds in contingent valuation studies: in-
dividuals differ in their cognitive resources and may differ in the set of characteristics
to which they attend (Cameron & DeShazo 2013). Understanding such heterogeneity
is key.
1.4.1 Identification
In the identification of preferences requires two assumptions that: respondents
care about risk reductions and think that the study outcome influences government
decision making.
Assumption 1 : Respondents would demand the risk reduction at no cost.
The survey is designed in so that respondents should find the valuation question
realistic. Detailed information is provided regarding the good being valued, and the
provision mechanism prices are plausible.
Assumption 2 : Respondents do not have kinked preferences.
Assumption 2 is necessary to interpret scope insensitivity as a failure in under-
standing the good being valued rather than identification of kinked-preferences.
Variation in bids, disease characteristics and target individuals allow the predicted
probabilities to vary, which generates enough moments to identify the coefficients.
Finally, the panel structure helps in the identification of respondent classes (Greene
2008).
1.4.2 Estimation
Latent Class Regressions (LCR) is a valuable method to assess unobserved het-
erogeneity (Train 2008). In a recent paper, Hess et al. (2011) suggest Latent Class
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models are able to retrieve richer patterns of heterogeneity than continuously mixed
models. We assume that the underlying coefficients follow a discrete distribution,
that LCR non-parametrically estimates. Hence, we are able to group together indi-
viduals that have similar preferences.
Assume that there are N agents, who report their WTP in T choice occasions.
Following our theoretical model, define the observed WTP, P (e, w, π), of respondent
i who belongs to class s where s = {1, . . . , C} and C is the number of classes, on
choice occasion t for a risk reduction e as:
log(Pit (e, wi, π)) = β1slog(RRit) + β2slog(BLRit) + β3slog(INCi) + zitβ4s + ξs + ǫist
(1.10)
where RRit, BLRit and INCi correspond to risk reduction, baseline risk, and income,
respectively; zit contain other individual characteristics, including target dummies
(child, one other adult and household); ξs correspond to a constant unobservable class
s fixed effect and ǫist rationalizes all remaining choice-to-choice individual variation.
The agents are assumed to know their WTP for a risk reduction, e, but the value
is not observed by econometricians. A double-bounded method is used to determine
agents’ WTP up to an interval (Hanemann et al. 1994).
Let bit0 represent the initial log-bid for individual i at choice t, bitU the follow-
up log-bid if the individual opts in favour of the risk reduction and bitL otherwise.
Moreover, let x1it = {log(RRit), log(BLRit), log(INCit), zit} and xit = {x1it, x2it}
represent a matrix of size N × (K1 +K2) of individual characteristics. The matrix
is divided between characteristics that affect WTP, x1it, and characteristics that
explain membership to a particular class, x2it, which may or may not overlap.
We assume ǫist follows a log-normal distribution. Hence, the conditional proba-
bility that individual i belongs to a particular WTP interval is given by:
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if yit = 3
(1.11)
where Φ is the normal cumulative distribution function and θs = (βs, σs) are the
mean and standard error parameters of the normal distribution for the class s. The
indicator of the choice yit represent "No-No", "No-Yes", "Yes-No" and "Yes-Yes", re-
spectively. However since θs is unknown, the sequence of observed choices has to be
evaluated over all the possible values. We assume that the density of the parameters














Qit (θs, x1it, yit)
)
(1.12)
where Θ = (θ1, . . . , θC ;α1, . . . , αC) comprises all model coefficients, πis (x2it, αs) cor-
respond to the prior probabilities of individual i belonging to class s, and αs cor-
responds to the influence of demographics, x2it over class membership s. To better











Qit (θs, x1it, yit) .
The main identifying assumption is that respondents’ unobserved shocks are inde-
pendent between respondents and choice occasions (Train 2008). In principle this
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function can be maximized through full information maximum likelihood, but in
general it is easier to do with an Expectation Maximization algorithm (Dempster et
al. 1977). The problem, which is solved with EM, is that class membership is missing
and has to be estimated. Notice that if we knew the number of classes, and which
class each agents belongs to, we would have to estimate C conventional likelihoods.
The EM-algorithm is iterative. EM exploits the fact that, although the class
membership does not depend on the choices made, the choices provide information
about the class membership. Suppose that an agent is vegetarian, but we do not
know. Observing her food choices consecutively would lead us to infer, with a high
degree of certainty, that she is a vegetarian. The key part of EM algorithms is
updating the belief of an individual membership in a class s, which is done through
Bayes theorem. Let his (xit|yit) be individual i’s posterior probability of belonging to








Note that Lis corresponds to individual i’s contribution to the overall likelihood,
which is given by the sequence of answers,
∏T
t=1 Qit (θs, x1it, yit), conditional on being
a class s type of individual, weighted by the probability of being a member of class
s, πis (x2it, αs). Given the evidence (her observed choices), we update our beliefs on
individual i’s membership by weighting her contribution to the likelihood on each of
the distinct classes C. If the contribution to a class, say s1, is higher than the others,
then it would be reflected in our higher posterior beliefs, his1 (xit|yit).
From an empirical point of view, estimating (1.12) is computationally complex.
An alternative log-likelihood, E (θ), can be maximized to yield the same parameters
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Note that log (Lci) can be sub-divided into two parts:





Qit (θs, x1it, yit)
)
+ log (πis (x2it, αs)) .






















his (xit|yit) log (πis (x2it, αs))
(1.14)
where the first term in the RHS of equation (1.14) will be named LLθ and the second
term will be LLα. Moreover, since
∑C
c=1 πic (x2it, αc) = 1 we will assume that:





and we impose the following identification restriction, αC = 0, so that the coefficients
from each class are interpreted with respect to class C.
As noted earlier, the model has to be estimated in an iterative fashion. We build
the algorithm in Matlab15 The algorithm is as follows:
1. Form the contribution to the likelihood Lsi for each class s = 1, . . . , C.
2. Form the individual-specific posterior probabilities of class membership hris(xit|yit),
where r denotes the rth iteration.
3. Maximize each class-specific WTP regression LLθ to obtain the updated sets of
θr+1s with s = 1, . . . , C. Each regression uses as weights the posterior probabil-
ities of class membership computed in step 2.
4. Maximize jointly the prior probability logit functions LLα to obtain the updated
sets of αr+1s with s = 1, . . . , C − 1. Each prior is weighted by the posterior
15We modified Patrick P. C. Tsui’s Matlab Code to adapt it to our needs.
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probabilities of class membership computed in step 2.
5. Repeat step 1 to 4 until convergence.
Although it is simple, the EM algorithm is quite slow to converge (Train 2008)
and it can converge to a local maximum. We used several starting points and set
the change in the log-likelihood function LL (Θ) to be smaller than 1e−10 to ensure
convergence to a global maximum. 16
1.5 Results
The following section reports on results from a standard WTP regression analysis
(assuming only one class) and a latent class regression analysis.
1.5.1 Standard analysis
Respondents’ willingness to pay is assumed to follow a log-normal distribution
(equation (1.10)). The coefficients of all the models presented below are estimated
using maximum likelihood estimation (Alberini 1995). The standard errors are cal-
culated using a Wald test (Train 2008). We allow for correlation between answer-
specific idiosyncratic errors for each respondent, but assume independence between
respondents. Our sample consists of 1000 respondents and 3190 answers.
There are two types of households: Households with only one person, and house-
holds with more than one person. All respondents are asked to report their WTP
to reduce risks to, when possible, three of the members in the household. Moreover,
each respondent is asked to report their WTP to reduce a risk to the everyone in
the household simultaneously. This questions is always asked last. The same logic
applies to a single person household. A respondent from a single person household is
asked about her WTP for a personal risk reduction, and then she is asked about her
WTP for a risk reduction addressed to the entire household, which by definition is
16Note that there are more sophisticated variants of the EM algorithm (simulated annealing, stochastic
EM), which tend to be more robust to being trapped in local optima.
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herself. (Recall that the risk reduction, disease characteristics and bid amount differ
between questions.)
Model (1) in table 1.4 examines the effects of risk reduction, baseline risk and
income elasticity on WTP. As can be observed, only the coefficient on log risk re-
duction is significantly different from zero, but also different from 1, violating our
RR-test. Individuals are willing to pay 1.35 (= exp (0.437 log (2))) times more for a
risk reduction of 2 in 10,000 than a risk reduction of 1 in 10,000. The point estimate
of log-baseline risk is not significantly different from zero, consistent with our BLR-
test, but not significant on income thus failing to satisfy our INC-test. Additionally,
when asked about a risk reduction addressing all household members, respondents
living in a multi-person household are willing to pay 1.5 (= exp(0.41)) times more
for a risk reduction to all members of the household (including themselves) than to
themselves alone. For the respondents that live alone, WTP to reduce risk to the
household is not significantly different than to reduce risk to themselves. Both results
are consistent with our HH-WTP1 and HH-WTP2 tests. Finally, respondents are
willing to pay on average 2.6 (= exp(0.98)) times more to avoid a risk to their child
than to themselves and 2 (= exp(0.68)) times more to avoid a risk to another adult
in their household.
Model (2) in table 1.4, was estimated over the subset of answers to the first
valuation question provided by the respondents, as well as questions which concerned
risk reductions addressed to all members in the household jointly. The coefficient on
log risk reduction is significantly different from zero, but not from 1, satisfying our
RR-test. Respondents are willing to pay 1.6 (= exp(0.69 log(2))) times more for a
risk reduction of 2 in 10,000 than for a risk reduction of 1 in 10,000. As with model
(1), BLR-test is satisfied while the INC-test is not. The coefficient on log-baseline
risk is not significantly different from zero, nor is the coefficient on income. Finally,
both HH-WTP tests are satisfied. A respondent living in a multi-person household
is willing to pay 1.9 (= exp(0.66)) times more to reduce a risk to all members than to
reduce a risk addressed to themselves. For households with only one individual, there
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Table 1.4 Willingness to pay results: Standard analysis
(1) (2) (3) (4)
Log-risk reduction 0.437** 0.690** 0.433** 0.699**
(0.22) (0.28) (0.22) (0.28)
Log-baseline risk 0.184 0.192 0.196 0.208
(1.96) (1.51) (1.94) (1.49)
Log-income -0.027 0.015 -0.022 0.013
(0.25) (0.25) (0.24) (0.26)
Child is at risk 0.974*** 0.964** 0.945*** 0.948**
(0.17) (0.38) (0.17) (0.38)
Adult is at risk 0.689*** 0.925*** 0.643*** 0.882***
(0.14) (0.29) (0.14) (0.29)
Houshold at risk is multi-person 0.408*** 0.656*** 0.353*** 0.610***
(0.12) (0.20) (0.13) (0.21)
Houshold at risk is one person -0.204 0.059 -0.228 0.041







White Blood Cells -0.104 0.021
(0.16) (0.26)
Latency is 10 years 0.028 -0.084
(0.18) (0.23)
Latency is 20 years 0.024 -0.109
(0.18) (0.23)
Constant 12.14** 13.87** 12.19** 14.19**
(5.06) (6.19) (5.06) (6.20)
Sigma 3.39*** 3.49*** 3.39*** 3.49***
(0.15) (0.16) (0.15) (0.16)
Observations 3190 2000 3190 2000
Notes: Dependent variable is WTP, measured using a double-bounded elicitation method. Follow up bids are
double or halved, if the respondents agree, or disagree, to pay the initial bid. Respondents answers to WTP for
each risk reduction in the study are pooled. Respondents idiosyncratic shocks are assumed to be independent
between questions. The log-risk reduction variable is takes the value of log(1/10,000) if the respondents are
faced with 1/10,000 with a risk reduction and takes the value of log(2/10,000) if the respondents are faced with
a 2/10,000 risk reduction. The log baseline risk variable takes a value of log(4/10,000) if the baseline risk is
4/10,000 and log(3/10,000 ) otherwise. As the order of the person to which the risk reduction was addressed is
random the "not first question" takes the value of 1 if the corresponding question is not the first the respondent
had to answer. Model (2) and (4) report results when exluding the notfirst questions, except household questions.
The household WTP question is always asked last. Robust standard errors in parentheses.
* significant at 10%; ** significant at 5%; *** significant at 1%
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is no significant difference. Moreover, respondents are willing to pay 2.6 (= exp(0.96)
and 2.5 (= exp(0.92)) times more for a risk reduction to their child, and to another
adult in their household than to themselves, respectively.
Models (3) and Model (4) include the same variables and observations as model (1)
and model (2), respectively. In addition, they include characteristics of the disease
assigned to each individual. Coefficients relevant to our validity criteria are not
affected by adding these variable. With the exception of he coefficient on "organ
affected is the liver" in model (3), all the coefficients are insignificantly different from
zero. This implies that respondents are not willing to pay more (or less) if the disease
is cancer as compared to not cancer, or if the latency is 10 or 20 years as compared
to 1 year.
Finally, table 1.5 reports on the implied VSL for models (1) and (2), and for
each type of individual addressed. Both VSL and SR-VSL are computed for the
mean respondent in our sample.17 There are two implicit assumptions underlying
expressions (1.7) and (1.8): first, that the risk is close to zero; second, that there is
perfect scope sensitivity. In the case of (1.9), the risk reduction, ec, is small enough,
as it is bounded above by e2 − e1. We relax the second assumption (perfect scope
sensitivity) by taking the empirical estimate of the elasticity. As a result, the implied
value per statistical life is adjusted by the scope sensitivity. In fact, if strong scope
sensitivity is empirically verified (ie. near-proportionality), then equations (1.9) and
(1.7) yield equivalent results. In the opposite case, if there is lack of scope sensitivity
the implied value per statistical life, computed from (1.9) will tend to zero, while the
value per statistical life computed from (1.7) will not be changed.
It is clear from table 1.5 that VSL and SR-VSL do not coincide. For adults, the
median value per statistical life is between 3 and 7 million Euro, while the median
scope-revealing value per statistical life is around 2-5 million euros. For children, the
median of value per statistical life is around 16 Million euro while, SR-VSL hovers
around 7 Million Euro. Note that both model (1) and (2) have SR-VSL which are
statistically identical. Large standard errors on the SR-VSL reflect the quality of
17Section 3.2 provides the summary statistics for the mean respondent.
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Table 1.5 Median value per statistical life
Model (1) Model (2) Model (2) LCA Class 2
VSL SR-VSL VSL SR-VSL Mean/Median VSL SR-VSL
VSL Self 6.33 2.76 4.45 3.11 448 0.26 0.24
(0.95) (1.47) (0.95) (1.45) (0.06) (0.09)
VSL Child 16.75 7.31 11.67 8.15 448 0.72 0.66
(3.33) (4.02) (4.11) (4.54) (0.27) (0.34)
VSL Other adult 12.61 5.5 11.23 7.83 448 0.66 0.61
(2.19) (2.97) (2.58) (3.74) (0.18) (0.26)
VSL per H. M. 3.17 1.38 2.86 2.01 448 0.07 0.06
(0.54) (0.74) (0.53) (0.91) (0.02) (0.03)
VSL Self, S. P. H. 5.16 2.25 4.73 3.3 448 0.36 0.33
(1.59) (1.37) (1.50) (1.75) (0.11) (0.15)
Notes: H.M. stands for Household member. S. P. H. stands for single person household. Values are in millions of
euros. WTP is calculated using the specification from each model. VSL is estimated for the mean individual in
the following way: first, we take the exponential WTP for the mean individual; second, we reduction with respect
to the WTP for each model. Standard errors are in parenthesis (delta method). The mean VSL is computed by
adding variance over two before taking the exponential. Only model’s 2 mean/median ratio is reported.
elasticity of substitution. Finally, mean and median differ by a factor of 448, which
may be come as a result of the functional form assumed; it allows for infinitely large
values.
1.5.2 Latent class analysis
Assuming log-normality is simple and provides consistent estimates (Hanemann
et al. 1991). However, the average effects (or coefficients) could hide respondents
who are not taking the survey seriously, or simply do not fully understand it.
We propose a latent class analysis (LCA) to better understand the underlying
heterogeneity. The added value of performing a LCA is the explicit modelling of
class-membership. Each respondent has a positive probability of membership in each
class. We will refer to ’Class X’ members as a weighted contribution of inputs from
all the respondents - with more weight given to those with high posterior probability
of being in Class X.
We include education, income and environmental concern levels as class covariates.
Education of respondents serves as a proxy for cognitive resources, while income
serves a proxy for opportunity cost of time. Environmental concern serves as a
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proxy for general interest in the survey. We use time spent completing the survey
as another proxy for cognitive effort (Nielsen et al. 2010, Rubinstein 2013). Finally,
respondents’ probability comprehension, measured by their success on the training
questions (Alberini et al. 2002), is also included.
We perform a LCA for C = 2, . . . , 5 classes. The preferred model, given the
Bayesian Information Criterion, is the model with C = 3 classes. The first, second
and third class have average posterior membership probabilities of 29%, 41% and
30%, respectively. Table 1.6 reports results for the 3-class model estimation, as well
as the posterior estimates. The regression includes a full set of interactions with a
dummy variable distinguishing the valuation question asked first from those asked
later (not reported).
First, consider the posterior coefficients. The estimated model has the same
covariates as those found in table 1.4, model (2), and can be compared directly with
the posterior coefficients of our LCA model (Train 2008). The posterior coefficients
are constructed as the sum of the coefficients estimated for each class, weighted by
the class’s posterior probability. The posterior coefficient on the log-risk reduction is
statistically different from zero and not different from 1, which satisfies our RR-test.
The relationship between baseline risk and WTP is negative although not significant,
which is consistent with our BLR-test. Income elasticity of WTP is positive but not
significantly different from zero, satisfying our INC-test. Despite the non-significance
of the coefficients, the point estimates of the remaining coefficients are not far from
what is usually found in the literature. Noisy estimates of posterior probabilities are
to be expected (Train 2008). Confidence intervals for the coefficients of the posterior
model generally include the estimates from model (2) in table 1.4; the posterior
coefficients have not added any additional insight.
Next, consider the coefficients for each class-specific regression. Class 1 coefficients
show that respondents are scope insensitive, violating our RR-test. Additionally,
Class 1 respondents have a negative relationship between baseline risk and WTP,
violating our BLR-test. These results do not agree with theoretical predictions from
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Table 1.6 Latent Class regression
Class 1 Class 2 Class 3 Posterior
Log-risk reduction 0.182 0.918*** 1.911*** 1.002**
(0.13) (0.31) (0.72) (0.42)
Log-baseline risk -0.735** 0.576 -1.081 -0.301
(0.33) (0.72) (1.69) (0.94)
Log-income 0.545*** 0.342 1.694*** 0.806
(0.09) (0.23) (0.45) (0.58)
Child is at risk 0.463** 1.004** 0.732 0.766
(0.18) (0.39) (1.05) (1.05)
Adult is at risk 0.637*** 0.924*** -0.122 0.527
(0.14) (0.29) (0.72) (0.47)
Houshold at risk is multi-person 0.523*** -0.290 1.582** 0.507
(0.12) (0.26) (0.63) (0.55)
Houshold at risk is one person 0.426** 0.329 1.50** 0.70
(0.16) (0.31) (0.73) (0.75)
Constant 4.27*** 8.95*** 16.46** 7.252*
(1.25) (3.25) (7.00) (4.27)
Sigma 1.02*** 2.07*** 3.88*** 2.309***
(0.51) (0.15) (0.31) (0.36)
Size of the Class 0.29 0.41 0.30
Notes: Dependent variable is WTP, measured using a double-bounded elicitation method. Follow up bids are
double or halved, if the respondents agree, or disagree, to pay the initial bid. Respondents answers to WTP for
each risk reduction in the study are pooled. Respondents idiosyncratic shocks are assumed to be independent
between questions. The log-risk reduction variable is takes the value of log(1/10,000) if the respondents are
faced with 1/10,000 with a risk reduction and takes the value of log(2/10,000) if the respondents are faced with
a 2/10,000 risk reduction. The log baseline risk variable takes a value of log(4/10,000) if the baseline risk is
4/10,000 and log(3/10,000 ) otherwise. Posterior standard errors are computed using parametric bootstraps (100
reps). Robust standard errors in parenthesis.
* significant at 10%; ** significant at 5%; *** significant at 1%
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the standard model in section 3.3. Nevertheless, respondents in Class 1 satisfy our
INC-test by having a positive income elasticity estimated as 0.55. Class 1 respondents
in multi-person households are willing to pay about 1.7 times as much to reduce risk to
their household as to themselves, satisfying one part of our HH-WTP test. However,
single person households are willing to pay significantly more (1.5 times) to reduce
risk to their households than to themselves, violating the other part. 18 Respondents
are willing to pay about the same amount (between, 1.5 and 1.9 times more) for a
risk reduction for a child as for another adult in their household. As a consequence
of multiple violations of our validity tests, we do not consider Class 1 as providing
valid WTP results.
In contrast to Class 1, respondents in Class 3 are sensitive to risk reductions.
The coefficient suggests a more than proportional relationship between risk reduc-
tion and WTP; a risk reduction of x increases willingness to pay by 1.8 x (=
exp (1.91 log (2)) = 1.77), but it is not statistically different from 1. Class 3 respon-
dents satisfy our RR-test. Respondents’ WTP is insignificantly negatively correlated
with baseline risk satisfying our BLR-test. Finally, Class 3 respondents satisfy our
INC-test because respondents in this class have a positive and statistically significant
income elasticity (1.7). When respondents live in a multi-person household, they are
willing to pay almost 5 (exp (1.58)= 4.85) times more for a risk reduction addressed
to the household than to themselves. Whereas when respondents live alone, their
WTP is also 5 times higher for a risk addressed to the household than to a risk
addressed to themselves. Only one out of our two HH-WTP are satisfied. Class
3’s WTP to reduce a risk to children, and other adults, does not differ significantly
from WTP to reduce a risk to themselves. Finally, median (or mean) WTP exceeds
median (or mean) income; the WTP is over 200 000 AC for a risk reduction of 1 in
10,000. We are confident that Class 3 respondents are not accurately revealing their
preferences for risk reductions.
Respondents in Class 2 have a point estimate on log-risk reduction of 0.9 and it is
18Though not reported in table 1.6, coefficients do not significantly vary between first, and the subsequent
questions.
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statistically different from zero and not from 1, which suggests near-proportionality.
The log-baseline risk coefficient and log-income coefficient are both positive but not
significantly different from zero.19 20 Median (or average) WTP (median = 30 AC,
mean = 244 AC) does not exceed the average Class 2 income, (2865 AC). WTP to
reduce a risk addressed to the entire household, regardless of whether it is a single
person household or not, is not statistically different from WTP for a risk reduction
addressed to themselves. Moreover, Class 2 has WTP for risk reductions addressed
to children, and other adults, 2.7 (= exp (1)) times higher than WTP for a risk
reduction addressed to themselves. Respondents in Class 2 satisfy all the criteria for
CV validity.
Our evidence suggest that, despite having coherent posterior estimates the un-
derlying heterogeneity reveals a different picture. There are respondents that are
not conveying their preferences. We consider that only Class 2 satisfies our validity
criteria and can be interpreted as providing VSL estimates at face value. It is not
surprising to find noisy answers in a self-administered internet survey. What is novel
is that we are able to determine the fraction of the our sample that provides nonsen-
sical answers. We find that up to 60% of our sample, can be categorized as providing
responses that are not consistent with informed, rational preferences.
1.5.2.1 Class membership
Table 1.7 reports on the marginal effects of demographics on class-membership
probability.
As compared to single person households, households with children or with chil-
dren and other adults are statistically less likely to belong to Class 2. The latter
type of households are consistently more prevalent in Class 3. Households with only
another adult are more likely to be found in Class 1.
Success during the probabilistic training phase has no apparent effect on the
19We reject the hypothesis that log-income is negative with a 10% level significance.
20Not controlling for subsequent questions does not affect our results qualitatively, except for the co-
efficient on log-income. The coefficient becomes significantly different from zero, but at a 10% level of
confidence, and we reject the hypothesis that log-income is negative with a 5% level of significance.
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Table 1.7 Marginal effects of demographics on Class-membership
Class 1 Class 2 Class 3
Household with only child 0.04 -0.07*** 0.03
(0.03) (0.02) (0.04)
Household with only another Adult 0.05* -0.04 -0.01
(0.03) (0.03) (0.03)
Household with child + another Adult 0.03 -0.15*** 0.12**
(0.05) (0.03) (0.05)
Training succes 0.12** 0 -0.12**
(0.05) (0.01) (0.05)
Log-time 0.03*** 0.02** -0.05***
(0.01) (0.01) (0.01)
Education (High School) 0.10*** 0.03 -0.13***
(0.04) (0.04) (0.05)
Education (College) 0.13*** -0.02 -0.11***
(0.04) (0.04) (0.04)
Log-Income 0.02 0.07*** -0.09***
(0.02) (0.02) (0.02)
Environmental concern -0.02 -0.16*** 0.18***
(0.05) (0.04) (0.07)
Notes: The horizontal sum over the three columns is equal to zero. This is due to the
constraints that the probabilities must sum one. The estimates can be found in the
appendix. Training success corresponds to not have committed any mistakes during the
training sessions. Environmental concern corresponds to a dichotomous self assessed level
of importance given to environmental matters where one is equal to high. Robust standard
errors in parenthesis.
* significant at 10%; ** significant at 5%; *** significant at 1%
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probability of belonging to Class 2. Rather, success increases the probability of
belonging to Class 1 at the expense of reducing the membership probability to Class
3. Time spent completing the survey has a positive impact on Class 2 membership
probability, as well as for Class 1.
Regarding education we find that having a high school or college degree has no
impact on membership in class 2, but increases the odds of belonging to Class 1.
The more educated the respondent is, the lower the probability of belonging to Class
3. Moreover, income has a positive impact on membership in Class 2, while it has
a negative impact on membership in Class 3. Environmental concern has a negative
impact on membership in Class 2 and increases membership in Class 3.
1.5.2.2 Willingness to pay
To fix ideas, a graphical representation of the LCA in the log-normal scale is
provided in figure 1.1. The fine line corresponds to the estimated standard log-
willingness to pay, while the bold line corresponds to the estimated latent class log-
willingness to pay. The difference between, Class 1, Class 2 and Class 3 is apparent.
Class 2 is on the far left, while Class 3 is on the far right of figure 1.1.
Figure 1.1 Log-WTP, Gaussian Mixture versus a standard normal assumption





















Table 1.8 reports on the mean value per statistical life based on Class 2 estimates
alone. We consider Class 2 as the only sub-group of respondents fulfilling theoretical
expectations.21 We report VSL, as well as SR-VSL, which are virtually the same.
21Note that we are taking the mean estimates and not the median estimates as in table 1.5. This comes
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Point estimates of mean VSL for children are between 6.11 and 6.67 million AC, while
estimates for another adult within the household are between 5.56 and 6.15 million
AC. Finally, mean VSL for adults, from risk addressed to themselves is around 2.24 to
3.39 million AC. The largest difference between child and adult mean VSL is on the
order of 3. It is interesting to note that median SR-VSL for children, another adult
and self (in table 1.5) are close to the mean VSL computed from Class 2.
Table 1.8 Mean value per statistical life: Class 2
VSL SR-VSL Mean/Median
VSL Self 2.44 2.24 9.24
(0.59) (0.94)
VSL Child 6.66 6.11 9.24
(2.59) (3.22)
VSL Other adult 6.15 5.64 9.24
(1.66) (2.47)
VSL per Household member 0.61 0.56 9.24
(0.18) (0.26)
VSL Self (Single Person Household) 3.39 3.11 9.24
(1.04) (1.44)
Notes: Values are in millions of euros. WTP is calculated using the specification from each
model. VSL is estimated for the mean individual in the following way: first, we take the
exponential WTP for the mean individual + the variance over two; second, we multiply
the predicted WTP by the low risk reduction (1/10,000); For SR-VSL, we multiply by the
elasticity of the risk reduction with respect to the WTP for each model. Standard errors
are in parenthesis (delta method). The mean VSL is computed by adding variance over
two before taking the exponential. Class’ 2 mean/median ratio is reported.
Finally, the mean to median ratio is of the order of 9, which is 54 times smaller
than the mean over median ratio from the standard model reported in table 1.5.
Moreover, the median from class 2, reported in table 1.5, is considerably smaller than
the median from the standard model in all the cases. The difference is explained by
the fact that the standard model is not disentangling individuals from class 1 and
class 3, which have high WTP but also do not satisfy our validity criteria.
from the fact that most of the heterogeneity previously captured by the variance in the standard model is
controlled for when performing the LCA. Figure 1.1 clearly shows the reason why the variance is so large
in the standard model; as the heavy line, representing LCA, is found to have a better fit to the data. In
fact, the mean VSL under the standard model easily surpasses 2000 million AC, a feature not unique to
this survey, but rather a common feature in CV. A similar, unreasonably high, mean VSL can be found in
Hammitt & Haninger (2010). In the latter paper, only the median is reported. Hanhemann et al. (1991)
advise in favour of median VSL, given that it is robust to outliers. The average mean to median ratio found
in Hammitt & Haninger (2010) is 350.
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1.6 Discussion
Heterogeneity abounds in our survey as illustrated by figure 1.2. Each sub-figure
represents the kernel density function of individual estimated posterior coefficients,
and each distribution is far from being single peaked with a small variance. Clearly,
such heterogeneity, if ignored, may lead to invalid conclusions. What can we learn
from it and, what should be done to characterize it?
As we have seen in section 1.5.2, Class 3 individuals, while exhibiting scope sen-
sitivity, income sensitivity, and baseline risk insensitivity have infeasible WTP esti-
mates. A possible explanation can be found in Kahneman et al. (1993), where they
allude to a contribution model. The latter paper suggest that "the responses are
better described as expressions of attitudes than as indications of economic value,
contrary to the assumptions of the contingent valuation method." Moreover, as ob-
served in table 1.7, higher environmental concern expressed by the respondent, makes
it more likely for them to belong to Class 3. It follows that high environmental con-
cern might lead to over-reactions (Patt & Zeckhauser 2000), though in the form
of high WTP estimates, and not to scope insensitivity as suggested by Sunstein &
Zeckhauser (2010).
As Class 2 is behaving as predicted by expected-utility theory, should we take into
account only their preferences?22 To assume that these respondents understand the
good being valued, is tempting. Sunstein (2013) argues that regulators should use
preferences that are informed and rational. From a welfare point of view, Adler (2011)
also argues that preferences, which are fully informed and fully rational, should be
the ones taken into account. Nevertheless, is Class 2 a representative sample of the
French population? Table 1.9 reports on class-dependent mean demographics. There
are no large differences between Class 2 respondents and the full sample. The average
age for respondents in Class 2 is 42, half of them are women, half have at least a high
school degree, and earn on average 2865 AC per month. So, if we believe that Class 2
22For simplicity, we describe respondents as belonging to classes, but recall that classes are defined as
weighted averages of the respondents. Counting the preferences of only one class of respondents corresponds
to counting the preferences of all respondents using unequal weights.
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Figure 1.2 Scope, baseline risk and income elasticity estimated densities
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is sensible enough, we must then choose the estimate for VSL accordingly: 6.11 and
6.67 million AC for children, and 2.24 to 3.39 million AC for adults.
As seen previously, Lui et al. (2006) shows that allowing for self-protection might
lead WTP to decrease with higher levels of baseline risk. Under the Lui et al.
(2006) setting, the relationship between risk reduction and WTP is that of near-
proportionality, for small risk reductions. Under such circumstances, our Class 1
could be admitted as plausibly exhibiting the true preferences. Table 1.8 reports
mean VSL, and mean SR-VSL from Class 1. As compared to Class 2, mean VSL
are higher for Class 1 in all cases. When controlling for the lack of scope sensitivity
present in Class 1, the SR-VSL point estimates are quite similar as the SR-VSL from
Class 2. Nevertheless, the wide standard errors reflect the lack of scope sensitivity.
Sustein (2013) argues that "when a behavioural market failure is involved, appro-
priate adjustments should be made to WTP, and the VSL that emerges from WTP
should be corrected accordingly." In this paper, we propose two ways to deal with
such failures: (1) to investigate preference heterogeneity in a way which allows the
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Table 1.9 Demographics conditional on Class-membership
Class Income Age Gender High School College N
1 3036.86 42.85 0.51 0.58 0.26
( 1665.37) (13.58) (0.5) (0.49) (0.43) 292
2 2865.42 42.00 0.50 0.51 0.27
(1657.59) (12.48) (0.5) (0.5) (0.41) 415
3 2754.96 44.19 0.55 0.46 0.23
(1699.72) (13.24) (0.5) (0.5) (0.44) 293
All Sample
2884.79 42.92 0.52 0.52 0.26
( 1675.85) (13.15) (0.5) (0.5) (0.43) 1000
Notes: Respondents are attributed to the class where the individual conditional mem-
bership probability is highest. The means are taken over the number of respondents
attributed to each class. Where male = 0, college corresponds to having up to a college
degree, and high school (HS) corresponds to having only a high school degree.
Table 1.10 Mean value per statistical life Class 1
VSL SR-VSL Mean/Median
VSL Self 17.32 3.16 1.87
(1.82) (2.26)
VSL Child 27.67 5.05 1.87
(4.73) (3.71)
VSL Other adult 32.90 6.01 1.87
(3.70) (4.31)
VSL per Household member 9.66 1.76 1.87
(0.85) (1.25)
VSL Self (Single Person Household) 26.51 4.84 1.87
(3.56) (3.50)
Notes: Values are in millions of euros. WTP is calculated using the specification from each
model. VSL is estimated for the mean individual in the following way: first, we take the
exponential WTP for the mean individual + the variance over two; second, we multiply
the predicted WTP by the low risk reduction (1/10,000); For SR-VSL, we multiply by the
elasticity of the risk reduction with respect to the WTP for each model. Standard errors
are in parenthesis (delta method). The mean VSL is computed by adding variance over
two before taking the exponential. Only the mean over median ratio is reported.
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researcher to disentangle respondents who are revealing their economic preferences;23
(2) to implement the scope-revealing VSL. The simplicity of SR-VSL is it greatest
appeal.
While scope insensitivity appears to be the norm in CV, VSL is computed and
interpreted using an economic model that predicts near-proportionality. Standard
median VSL produces estimates that are robust to over reacting respondents, like
those found in Class 3, yet, it is not robust to lack of scope-sensitivity. Accounting
for the lack of scope sensitivity is necessary, and median SR-VSL can be used for
that purpose.
The result of this paper is consistent with other literature where VSL computed
from WTP for personal risk reductions is lower than VSL assessed from WTP for
risk reduction to others. The literature suggests that differences between own VSL
and a VSL for a child can be explained by age (Chanel et al. 2014, Aldy et al.
2008), risk perception (Hammitt et al. 2004), context of valuation (altruism), and
different perspective (society, children or parental). Empirical studies suggest that
perspective and altruism substantially influence WTP (Dickie & Ulery 2001). While
the differences between children and adults might not appear problematic, the dif-
ference between VSL for another adult and for oneself is. Controlling for individual
heterogeneity, the difference in VSL maybe explained by altruism. Which should we
take? The own VSL, or the altruism augmented VSL? 24
While in other areas of economics introducing heterogeneity is key in solving is-
sues,25 not much attention has been given to it in the CVM literature. By introducing
heterogeneity in the analysis, our results suggest that fewer than half of our sample
satisfy our theoretical validity checks, while the other half is considered as not re-
vealing their preferences. We base our results on the, still representative, sub-group
of respondents from which we properly elicit their preferences. Finally, we introduce
23 We use Latent Class Analysis for this purpose, but it is just one of other strategies a researcher could
use.
24Bergstrom (2004) states that VSL should be estimated over own risk reductions since respondents are
better informed over their own preferences.
25For example, in Industrial Organization introducing heterogeneity is essential when analysing consumer
demands, since it allows to break the Independence of Irrelevant Assumption (or IIA) implicitly introduced
by the Logit setting.
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a novel way to correct for the quality of respondents’ answers when computing the
value per statistical life, the scope-revealing value per statistical life.
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Appendix
1.A Theoretical framework
Consider an individual who faces two states of the world: either he lives, or
he dies. The living state occurs with probability π, and the dying state with the
complementarity probability. If he lives, the individual will enjoy wealth, w, and if
he dies we will assume that he will be able (willing) to bequeath his wealth to his
dependents. The individual is assumed to behave as an "expected utility maximizer"
(Jones-Lee 1974), where he selects the decision which maximizes his expected utility
given by:
EU = πuA (w) + (1 − π)uD (w)
where uj (w) is the utility associated with wealth w conditional on the state of the
world j, where j = {A,D} corresponds to alive and dead, respectively. In both
states, individuals will be assumed to prefer more wealth to less, ∂uj(w)
∂w
> 0, and to
be financially risk averse, ∂
2uj(w)
∂2w
≤ 0, for j = {A,D}.
Consider now that the individual is offered an opportunity to increase his probabil-
ity of survival, π, by an amount e. In turn for the increase of his survival probability,
the individual is willing to forfeit an amount P (e, w, π). This amount is, by defini-
tion, one that leaves the individual with the same expected utility as with the initial
survival probability. The amount, P (e, w, π), is defined as:
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(π + e)uA (w − P (e, w, π)) + (1 − π − e)uD (w − P (e, w, π)) = πuA (w) + (1 − π)uD (w) .
Here, P (e, w, π) is the compensating variation in wealth for a change in probability
e, (Jones-Lee 1974). In what follows, we use the following notation:
P (e, w, π) ≡ P
P (0, w, π) ≡ P0
uj (w − P (e, w, π)) ≡ uj (we)
∂uj (· )
∂w
≡ u′j (· )
∂2uj (· )
∂2w
≡ u′′j (· )
(π + e)u
′
A (we) + (1 − π − e)u
′




A (we) + (1 − π − e)u
′′




A (w) + (1 − π)u
′




A (w) + (1 − π)u
′′
D (w) ≡ EU
′′(w).
1.A.1 Elasticity of willingness to pay with respect to risk reduction.
To investigate the relationship between P and e we first differentiate with respect




uA (we) − uD (we)
(π + e)u
′
A (we) + (1 − π − e)u
′
D (w − P (e, w, π))
> 0.
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Note that when e → 0 we have ∂P
∂e
≡ V SL, and P = 0. If we multiply by e and
divide by P we have:
ηwtpe =
uA (we) − uD (we)
(π + e)u
′
A (we) + (1 − π − e)u
′
D (w − P (e, w, π))
e
P (e, w, π)
.
Here ηwtpe denotes the elasticity of substitution between the risk reduction, e, and














+ uA (we) − uD (we)
∂P
∂e



















The relationship between willingness to pay,P , and risk reduction e, when e → 0 is
that of proportionality.
1.A.2 Elasticity of baseline risk on willingness to pay.
Next, we investigate the functional relationship between baseline mortality prob-





uA (we) − uD (we) − uA (w) − uD (w)
(π + e)u
′
A (we) + (1 − π − e)u
′
D (w − P (e, w, π))
> 0.
Then, multiplying by 1 − π and dividing by P (e, w, π) yields:
ηwtp1−π =
uA (we) − uD (we) − uA (w) − uD (w)
(π + e)u
′
A (we) + (1 − π − e)u
′
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Here, ηwtp1−π denotes the elasticity of substitution between baseline probability of death
and willingness to pay. As we are interest in cases when e → 0, as we did previously,

















































Provided that the probability of survival is close to 1, the elasticity of substitution
between the baseline risk of death and willingness to pay is positive but close to 0.
1.A.3 Elasticity of income on willingness to pay.
Finally, we investigate the relationship between income and willingness to pay.











A (we) + (1 − π − e)u
′
D (we) .
Then, multiplying by w and dividing by P (e, w, π) yields:
ηwtpw =






Here, ηwtpw denotes the elasticity of substitution between income and willingness to
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Here, ηV SLw corresponds to the elasticity of substitution between the value per statis-
tical life (VSL) and income.
1.B Rationale for the scope-revealing VSL
Consider an individual with baseline survival probability, π, and income, w, such
that, conditional on surviving, her utility is u (w). Now, suppose she is offered a risk
reduction of size, e1. We know that she is willing to pay an amount, P (e1, w, π).
Suppose, she is also offered a risk reduction of size e2, for which she is willing to
pay an amount P (e2, w, π). By equation (1.1), if e2 > e1 then it must be the case
that P (e2, w, π) > P (e1, w, π). Then, by the mean value theorem, there exists a risk
reduction ec, such that:
∂P (ec, w, π)
∂e
=
P (e2, w, π) − P (e1, w, π)
e2 − e1
. (1.16)
where the risk reduction, ec, is bounded between [e1, e2]. Let η denote the ratio
between a percentage change in WTP, and a percentage change in risk. By equation
(1.16), we have:
η =
∂P (ec, w, π)
∂e
ec
P (ec, w, π)
≈
∂P (ec, w, π)
∂e
e1
P (e1, w, π)
and rearranging it we find that:
∂P (ec, w, π)
∂e
≈ η
P (e1, w, π)
e1
. (1.17)
As all the terms in the RHS of equation (1.17) are empirically available, we are able
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to compute the marginal rate of substitution between a risk reduction, ec, and wealth
w.























Figure 1.B.1 illustrates the above reasoning. The fine line represents, V SL ≡
∂P (0,w,π)
∂e
, as defined by the standard model. There are, at least, three ways of ap-
proximating V SL:
V SL ≈ V SLe1 ≡
P (e1, w, π)
e1
V SL ≈ V SLe2 ≡
P (e2, w, π)
e2
where V SLej corresponds to the V SL computed from the risk reduction j = {1, 2}.
Their empirical simplicity is their virtue. An alternative way of approximating V SL
is given by:
V SL ≈ V SLec ≡ ηV SL1
which corresponds to V SLe1 corrected by the estimated elasticity, η.
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As e2 → 0 and e2 > e1, then
P (e1,w,π)
e1
in equation (1.17) should tend to VSL.26.
When the risks are not zero, the ratio P (e1,w,π)
e1
approximates VSL. In figure 1.B.1, this
corresponds to the left-most yellow dotted chord. When e1 → 0, the yellow dotted
chord approximates the green tangent, VSL. Moreover, e2 → 0 and e2 > ec > e1,






. But, given the concavity of u, hence of
P , as long as, e1 > 0 we have:
∂P (0, w, π)
∂e
>
∂P (ec, w, π)
∂e
. (1.18)
Nevertheless, as e2 → 0, we have:
∂P (ec, w, π)
∂e
→
∂P (0, w, π)
∂e
. (1.19)
Equation (1.18) shows the scope-revealing VSL is a lower bound of VSL, and from
equation (1.19) we know that the difference tends to zero.
Under an expected utility framework, the three measures are, for a small enough
risk reduction, approximately the same. The advantage of the scope-revealing VSL
over the other measures is that it accounts for scope-sensitivity in respondents’ an-
swers. The correction occurs regardless of the reasons behind the lack of scope
sensitivity; poor understanding of the hypothetical good, high risk aversion group of
individuals, or others.
Finally, let wec = w − P (ec, w, π). Then we have:
∂P (ec, w, π)
∂e
=
uA (wec) − uD (wec)
(π + ec)u
′
A (wec) + (1 − π − ec)u
′
D (w − P (ec, w, π))
> 0.
26The complications occur in communication, and understanding of such small risks. For this reason, the
literature has develop strategies to prevent communication, and understanding issues (Corso e al. 2004). A
parallel can be established when estimating discount factors. If there is a strong present bias, it might be
better to propose to an individual to choose between the future, and a further future.
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It can be re-expressed as:
∂P (ec, w, π)
∂e
=
∂P (0, wec , π + ec)
∂e
≡ V SLec (1.20)
where V SLec denotes the value per statistical life at wealth wec and baseline risk
π+ ec. It follows from (1.20) that V SLec is an equally valid measure of the value per
statistical life.
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1.C Additional regression tables
The reference class is taken to be Class 2, so that all coefficients are to be un-
derstood as deviations from class 2 coefficients. The table reports on the influence
of environmental concern, time spent completing the survey, whether respondents
answered the training questions without error and respondents’ income on class-
membership.
Table 1.C.1 Membership demographics
Class 1 Class 3
Household with only child 0.326 0.283
(Yes=1, 0 o.w.) (2.74)** (1.83)*
Household with only another Adult 0.252 0.086
(Yes=1, 0 o.w.) (1.94)* (0.52)
Household with child + another Adult 0.503 0.776
(Yes=1, 0 o.w.) (4.57)** (5.56)**
Log-time spent on survey 0.069 -0.216
(minutes) (2.81)** (5.20)**
Training success 0.455 -0.363
(Yes=1, 0 o.w.) (4.57)** (3.51)**
Education 0.236 -0.557
(High School=1, 0 o.w.) (2.12)* (4.63)**
Education 0.478 -0.302
(College=1, 0 o.w. ) (4.45)** (2.61)**
Log-Income -0.103 -0.496
(log-AC) (1.27) (4.75)**
Environmental concern 0.33 1.093
(High=1, 0 o.w.) (4.66)** (12.63)**
Constant -1.666 4.958
(2.57)* (5.58)**
Notes: Dependent variable are the prior probabilities obtained at each iteration threw the
EM algorithm. The estimates are obtained using a fractional logit Identifying assumptions
require Class 2 coefficients to be normalized to zero, so the coefficients are to be understood
as deviations from Class 2 coefficients. Robust t-statistics in parentheses.
* significant at 10%; ** significant at 5%; *** significant at 1%
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Abstract
Neural tube defects are neurological conditions affecting 1 in 1000 foetuses in France
each year. If a foetus is affected there is a 90% chance of the pregnancy being ter-
minated. Increasing folic acid intake over 400µg per day two months before and two
months after conception reduces prevalence rates by 80%. Two types of government
interventions exist to increase intake and reduce prevalence rates: (1) fortification
of staple food, which increases population intake indiscriminately; (2) social market-
ing seeking to increase intake of conceiving women through information provision.
France opted for the latter and has implemented it since mid-2005. This paper sets
up a quasi-experimental setting to measure the impact of the french social market-
ing campaign on consumption using a reduced form approach. I combine a detailed
scanner data on grocery purchases with a dataset on macro- and micro- nutrients.
Identification exploits the variation in the usefulness of folic acid information between
households: households that are conceiving or want to conceive a child use it, while
those that are not conceiving do not. Additionally, I estimate a demand system on
food and nutrients, and plan to simulate counterfactual choices if households faced a
fortification policy. Results suggest evidence of a positive impact of the information
policy on folic acid household availability and preferences.
Keywords: health, information, impact evaluation, demand estimation, public health.
JEL classification: C21, D12, I12, I18, J17.
†Toulouse School of Economics, Email: daniel.herrera@tse-fr.eu
∗For guidance and suport I am grateful to James Hammitt, Christophe Rheinberger, Fabrice Etilé,
Sylvain Chabe-Ferret. I thank Paul Scott, Pierre Dubois, Xavier d’Haultfoeuille, Yinghua He, Francois
Poinas, Vincent Réquillart, Louis Georges Soler, Clément de Chaisemartin, for their helpful comments
and discussions. This work has also benefited from comments and suggestions by participants at the
Applied Micro Workshop and PhD student workshop at Toulouse School of Economics (2015), CHDS
workshop in Boston (2014), the ALISS Workshop in Paris (2013), the Applied Microeconometrics Workshop
at the Toulouse School of Economics (2013), Society for risk analysis in Baltimore (2013), SRA, European
Association of Environmental and Resource Economists in Toulouse (2013), EAERE, Journées de recherche
en sciences sociales and Industrial organization and the food processing industry in Toulouse (2012). I am
indebted to the Institut National de la Recherche Agronomique, INRA, the Laboratoire d’Economie des
ressources naturelles, LERNA, and CRETELET, for providing me access to the data. All errors are mine.
52
CHAPTER 2. FOLIC ACID ADVISORIES: A PUBLIC HEALTH ISSUE?
2.1 Introduction
A topic of public health concern in France in recent years has been the gov-
ernments’ level of intervention on major preventable diseases, neural tube defects.
Neural tube defects (NTD) are conditions affecting 1 in 1000 foetuses each year.1
An average of 90% percent of NTD cases are terminated.2 Epidemiological evidence
suggests that in order to reduce by 80% the number of NTD cases, pregnant women
need to intake a daily dose of 400µg of folic acid two months before and after con-
ception.3 4 The market failure lies on the lack of information about the perils of low
folic acid diets. Globally, governments have focused on two instruments to reduce
NTD prevalence: (1) fortification, whereby folic acid intake is artificially increased
by spraying folic acid onto staple foods; (2) information provision and pill supple-
mentation to individuals at-risk, mainly, women that are pregnant or that want to
have a child. In theory, either policy could reduce the prevalence. In practice, little
is known about their relative success.
This paper exploits a dramatic change in policy to evaluate the impact informa-
tion has on consumers’ grocery purchasing behaviour in France. Also, it constructs
a risk-benefit analysis evaluating the welfare effects of an ex-ante fortification pol-
icy. In 2004 the french government laid down the legal foundations for a massive
public health policy campaign: Plan National de Nutrition Santé, PNNS.5 Reducing
neural tube defects prevalence by improving the folate status of individuals at-risk
was amongst its targets. A nation wide folic acid social marketing and supplementa-
1NTD is a condition that affects foetuses’ spine formation and manifests itself in either of two forms:
as bifida-spine - a condition in which the vertebrae does not form a complete ring to protect the spine or in
the more severe form called anencephaly wherein the brain is not build up in the embryonic state.
2In France there is no upper gestational age limit on the termination of a pregnancy provided an expert
approves that "there is a high probability that the foetus is affected by a particularly severe condition with
no effective therapy available at the time of prenatal diagnosis" (Law July 1994).
3 The development of the foetuses’ spinal cord is done on average at the 24th day after conception, so
folic acid effectiveness is limited to this period. The reason is explained in detail in section 2.A.
4Actually, 1 µg of dietary folate is equivalent (DFE) to 0.6 µg of folic acid from fortified food or as a
supplement taken with meals. It is also equivalent to 1 µg of food folate or 0.5 µg of synthetic folic acid
taken on an empty stomach. I will use folic acid and folate indiscriminately as in my analysis they I make
them equivalent.
5Adopted during summer 2004, it set important objectives in terms of public health such as: decrease
alcohol consumption by 20%, cut by 20% overweight and obesity prevalence, reduce salt consumption below
8g per day, and many more.
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tion campaign has been implemented since mid-2005.6 The advice specifically urged
women in childbearing age, wanting to get pregnant or pregnant women, to take nec-
essary precautions in order to decrease the risk of NTDs to their offspring - through
either a healthier diet or/and the intake of folic acid supplements. Figure 2.1 dis-
plays the NTD trend in Paris from 1981 to 2012. The policy seemed to have helped
decrease the NTD prevalence.
Figure 2.1 Neural tube defects prevalence in Paris, France.
Notes: Prevalence estimates are taken from EUROCAT. The fitted values here
plotted are taken from a regression including data from Paris and Strasbourg
registries. Regression results can be found in the appendix.
I exploit the search and need for information on pregnancies experienced by preg-
nant households, coupled with the exogenous information shock from 2005 onwards
to identify changes in consumption patterns for folic acid.7 I use a large french repre-
sentative household grocery purchase dataset from 2003 to 2009. The data contains
information on a wide range of products and household demographics. I couple gro-
cery purchase information with information on macro- and micro- nutrients using two
6The Direction Générale de la Santé (DGS) issued a consumption advice through the Institut National de
Promotion Education Santé (INPES), which warned consumers about the possible health hazards resulting
from an insufficient daily intake of folic acid.
7Women need, search and acquire information when they want to get or are already pregnant. Infor-
mation acquisition happens before or quite early during the pregnancy; 92% of antenatal visits in France
happen before the first trimester (Peristat, 2010).
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additional datasets. To analyse the purchase behaviour, I use two complementary
methods: (1) a reduced form approach, which captures the changes in average daily
folic acid levels the per person; (2) a structural approach, which captures changes in
preferences for folic acid.
Estimates suggest that the information policy had a small, yet identifiable effect.
It increased folic acid consumption by at least 10%. The effect is not limited to
consumption. Preferences for individuals at-risk changed as a result of the policy.
As there is a growing evidence about possible secondary effects of folic acid on the
adult/elderly population, I conduct a risk benefit analysis of a fortification policy.
The exercise yields a net positive result suggesting that a fortification policy might
be advisable.
The remainder of the paper is organized as follows: section 1 introduces; section
2 provides a background on the french NTD policies; section 3 presents the dataset
used in the paper; section 4 presents the theoretical and empirical strategy; section
5, 6 and 7 presents results and robustness checks; section 8 concludes and discusses.
2.2 The information policy
2.2.1 Method of transmission of the information
The French government opted to provide information about the potential harms
of poor folic acid diets and subsidize supplementation to women at-risk, rather than
to fortify staple products as is done in the US or Canada.8 9 France has opted
for a precautionary strategy regarding fortification due to the evidence of possible
secondary effects.10
By summer 2004 the french government passed a bill in favour of promoting
public health. Two of such specific objectives were to increase iron and folic acid
intake of pregnant women to decrease the likelihood of anaemia and neural tube
8Actually both Canada and USA started their fortification process in the late 1990’s. The overall impact
on NTDs could be seen as a potential success. There has been a 70% reduction of cases. Still, I do not
know of a study proving causality of this statement.
9Documentation of what has been done previous to 2004 in France can be found in the appendix
10Appendix 2.A gives an exhaustive epidemiological summary of the pro’s and con’s of folic acid.
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defects, respectively. The task of informing individuals at risk about how and why
to increase their folic acid and iron intakes was given to the INPES. By 2008, there
were two broad public campaigns undertaken by the INPES. The first wave was
done in 2005, and the second in 2007. Both campaigns had the same transmission
mechanism. The information was directed to individuals at-risk, as well as care
givers (doctors both specialist and generalist, dietitians, pharmacists, gynaecologist,
nurses). Transmission was ensured in the form of booklets and posters providing
guidance on what type of food to eat and when to eat it, as well as through the web
page "www.mangerbourger.fr" or in the case of caregivers, by e-mail. Figure (2.1)
displays the information provided to women and caregivers.
Figure 2.1 Recommendation to at-risk individuals and physicians
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Information provided in the booklet destined to women summarized key informa-
tion about hygiene, physical activity, smoking, food choices and preservation, as well
as nutritional needs and information concerning pregnancy. The information was
based on the best available scientific knowledge. While the information provided in
the booklet for caregivers summed up scientific findings related to women’s nutrition.
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Figure 2.2 What to eat to improve your folic acid intake?
2.2.2 The reception of the advisory message
As the nutrition campaign for pregnant households makes part of a broader cam-
paign, it is important to know how the entire campaign has evolved. The annual
budget for communication purposes for advisory campaigns has been around 10 mil-
lions AC per year (INPES, 2010). Being charged of providing the information to stake
holders, INPES is also responsible of evaluating the broadcasting success.
Every 18 months, since 2005, INPES has done a series of surveys asking questions
about the information campaign. Results from these surveys suggest that the PNNS
messages awareness concerning fruits and vegetables increased from 36% in 2005, 68%
in 2008 up to 75% in 2009. The PNNS logo was recognized by 28% in 2008 against
19% in 2005. The awareness of the webpage www.mangerbouger.fr passed from 13%
in 2006, to 48% in 2008. More importantly, the webpage is spontaneously taken
as a nutritional guide by 11% of individuals in 2009, against 1% at the end of 2005,
(Castetbon et al., 2009). Additionally, 74% of respondents, considered that the PNNS
messages concerning nutrition are credible. By the end of 2007, around 3 million
documents concerning pregnant women nutrition, between posters and booklets, were
distributed around France (Rapport activité INPES, 2007; communication INPES,
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2005). In a survey evaluating the notoriety of the printed material, INPES found
that 5% of individuals reported having read the booklets concerning nutrition during
the periconceptional period.
An indicator of whether French consumers became aware of the information pro-
vided by the campaign is to look at web searches in Google Trends, a Google based
program that allows tracking on how often keywords are looked for in the web. Fig-
ure (2.3) illustrates the searches in Google for "manger bouger", the slogan of the
campaign. It shows that there is a peak in 2005 and 2007 consistent with the in-
troduction and the rerun of the advisory campaigns by the DGS. However, a deeper
understanding of the consumption behaviour of individuals at-risk is needed.
Figure 2.3 Searches in Google for "manger bouger"
Notes: Each peak corresponds to a advertising campaign done by the DGS
nation wide.
The public health effect of this policy on the outcome variable, prevalence rates,
seems to be pointing in the right direction. Figure 2.1 shows the total prevalence rate
in Paris from 1981 to 2012. It suggests that the information campaign could have
had an impact on reducing the NTD prevalence, as a break in the trend occurred
after 2005. Regarding neural tube defects advisory policies, Botto et al. (2006)
analyses the impact of multiple policies around the world trying to deal with NTD.
They assess rates and trends for NTD using data from 15 different registries. For
France, they analysed the small folic acid campaign in 2000. Not surprisingly, they
found no change in the trend after the policy was implemented, hence concluding
that the recommendation policy was not effective. I am interested in investigating
the factors that lead to the 2005 break in the trend. Was the awareness raised? Did
it translate into changes in shopping behaviour? More importantly, did it increase
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folic acid intake? And in this case, was it the result of a higher intake of food related
folic acid or folic acid through supplementation?
2.3 Data sources
I wish to examine the impact of the 2005 advisory campaign over in-household
food consumption. To do so, I need two pieces of information. First, who was more
likely to use the policy? Second, how did the content of their diets change after the
2005 information advisory was implemented?
As seen previously, the advisory was targeted to women wanting to become preg-
nant, pregnant, or women that previously had a child with a NTD. Information on
the perils of low folic acid diets, on what and when to consume folic acid intensive
food is likely to change the behaviour of individuals requiring this type of infor-
mation. Individuals’ behaviour that do not want to become pregnant, by contrast,
should not the affected by the 2005 information campaign. The latter provides my
control group, and the former group provides my treatment.
To implement this strategy, I need data on individuals food consumption and their
micro nutrient intakes, as well as data on their conception periods (conditional on
being pregnant), both before and after the information campaign. My primary data
source combines highly detailed datasets: (1) rotating panel dataset Kantar World-
panel; (2) Individual product macro and micro nutrients (CIQUAL); (3) Pill supple-
mentation purchases and intakes from National Perinatal Surveys (NPS), Bulletin
Epidemiologique Heddomadaire (BEH) and MEDICAM. The following subsections
describe each of the datasets used.
2.3.1 In-household food consumption: Kantar Worldpanel
Data on household purchases is obtained from the Kantar Worldpanel data base.
It consists on a homescan data on grocery purchases made by a representative sample
of households in France from 2002 to 2009. These data are collected by household
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members themselves with the help of scanning devices. 11
The data set contains information on 352 different variety of grocery products
from around 90 grocery stores including hyper- and supermarkets, convenience stores,
hard-discounters and specialized stores. The data is reported at the purchase level,
so I observe product characteristics such as total quantity, total expenditure, the
store where it was purchased from, the brand, amongst others.
Table 2.1 gives summary statistics of demographic characteristics from households
where a women is the person in charge of reporting purchases. I limit my attention to
women aged between 18 and 45 years old. The table is divided into two groups: (1)
Not treated households, which are households that did not have a child; (2) treated
household, which are households that did have a child or are conceiving one.12 Groups
differences need to be stable across time.
On one hand not treated household are in average 36 years old both before and
after the policy was implemented, have an average body mass index (BMI) of 24 in
both years, their income increases from 2200 to 2500, the share of households having
only one child remained stable at 23% and the share of women having a college degree
increases from 0.23 to 0.27. On the other hand, treated households are 30 year old,
have a constant BMI, their income increases from 2400 to 2800, the share having
a first child increased slightly from 33% to 34% and the share of women having a
college degree decreases from 0.37 to 0.33. As noted in the last column of table 2.1,
there is no significant change in the differences between both groups.
To have an idea on the purchase behaviour of individuals, I divide the products
in my dataset into 9 macro categories following Dubois et al. (2014). Table 2.2
is a summary on how the products are categorized into the 9 sections. Table 2.3
reports on the average expenditure per person, per category and per day. In a day
a person spends on average 30 cents on fruits and vegetables, 60 cents on dairy, 40
cents on grains and 50 cents on prepared food. Treated households consume more at
11Most households integrating the panel were randomly sampled since 1998 (the Kantar Worldpanel is
a continuous panel database starting from 1998). Every year, new randomly selected households are added
to the panel either as a replacement of other household rarely reporting data or because sample size is
increased.
12A more detailed explanation on how the groups are constructed is found in Appendix 2.E
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home both before and after the policy of every category expect for Meats, Fats and
Sweeteners.
2.3.2 Aggregate micro-nutrients dataset: CIQUAL
As the macro and micro nutrients are not reported in Kantar Worldpanel dataset,
I take data from CIQUAL (2012) to complement it. It contains over 50 characteristics
per product (sugars, fats, fibres, vitamins, minerals, . . . ), for over 1500 products. The
data is collected by the Agence National de Sécurité Sanitaire (ANSES) from different
sources.13
Each of the 352 categories are matched with average category characteristic val-
ues found in CIQUAL.14 By combining purchase quantities from Kantar with aver-
age category characteristics from CIQUAL, I am able to compute an estimate of the
dietary folate availability from each category, conditional on purchase. Table 2.4 re-
ports the average contribution per category on the overall daily folic acid availability.
The highest contributor to folic acid availability are grain products followed by dairy
products. Vegetables, and fruits, while having the highest concentrations of folic acid
per grams, are the third and four contributors, respectively. While figure 2.1 displays
the daily folic acid availability among treated and not treated households from 2003
to 2007. Previous to the policy daily folic acid availability trends are similiar, but
after the policy daily folic acid availability for treated increases more than for not
treated households.
There are several limits to the dataset constructed so far. First, consumption out-
side of the household is not observed, so any change in behaviour in out-household
consumption that affects in-household food consumption will not be accounted for.
The following section presents assumptions to be made to deal with this issue. Nev-
ertheless, Kantar Worldpanel captures 70% (170µg of 240µg, INCA 2 2006) of total
13Only 80 products are analysed by ANSES laboratories, but the rest are taken from collaborations
with research organisms, producers, retailers and others. Each product is sampled at least once, and
characteristics are taken for each product.
14To fix ideas, bananas are matched with the average characteristic values for bananas found in CIQUAL
(2012). In the case of breakfast cereals, it implies that the brand Special K will have the same characteristics
as Corn Flakes.
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Figure 2.1 Daily per person folic acid availability
Notes: Only households where women are the persons in charge of reporting
purchases, aged between 18 and 45 years old are included. Daily folic acid
availability is computed by taking the average quarter availability and dividing
it by the appropriate number of days. Household equivalence scale based on
daily caloric requirement of all household members divided by 2,500.
daily folic acid availability.
2.3.3 Pills data
Data on pill supplementation comes from three sources: (1) Bulletin épideḿiologique
hebdomadaire (BEH), which surveyed pregnant women on 1995 and 1999; (2) Na-
tional Perinatal Surveys (NPS), which surveyed pregnant women on 2010; Medicam,
that reports on the price and number of pills reimbursed by the french social security
from 2002 until 2012.15
BEH randomly sampled 735 (733) women who recently had given birth among 16
registries in Paris during June 1999 (1995). The survey targeted the consumption of
folic acid pills before and during pregnancy. Images of the most used multivitamins
were provided to aid memory recognition.16 Only 177 (24%) took folic acid, with
15Kantar Worldpanel data does not contain information on household consumption of supplements. It
is necessary to account for folic acid pill supplementation as 1 pill it can satisfy the required levels for
a pregnant woman in a day. The ideal approach is to analyse total, food and supplements, folic acid
availability data and to see whether or not at-risk households changed their intake.
16France introduced folic acid with 400µg pills in 2003. Before it was only available in multivitamin pills.
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7 (1%) taking it before the first month of pregnancy. Conditional on consuming
supplementation pills, nearly no auto medication was seens: prescription rate was of
92%.
NPS National Perinatal Surveys are surveys designed to monitor perinatal health
(Tort et al. 2013). Women were interviewed in the maternity unit 2 or 3 days
after delivery about their socio-demographic characteristics, health behaviours, birth
planning and fertility treatments.17 The final sample consists on 12,646 women.18
In total, 15% of women took folic acid supplementation before the first month of
pregnancy and 44% (5565) took folic acid during pregnancy.
Finally, data on the number and expenditure on folic acid pills is obtained from
MEDICAM dataset. It reports on the prices and numbers of boxes reimbursed by
the social security in France.19 The number of reimbursed 400µg pills have increased
from 0 to nearly 40 pills per baby born in France. The average costs per pill has
remained stable since 2002 at 0.124 cents and the reimbursement rate is 65%.20
The limitation of these datasets is that neither yields detailed information on the
actual number of number of pills taken by pregnant women.
2.4 Theory, identification and estimation
I model demand for food at home at an aggregated level following Dubois et.
al (2014) (here onwards labelled as DGN). The model assumes demand is based on
products and their nutrients, and preferences over other food attributes (e.g., taste,
texture, appearance) that may or may not be observed by econometricians. The
model builds on Gorman (1980) and Lancaster (1966), where utility depends on the
17In 2010 NPS asked for the first time about folic acid supplementation: "Did you use folic acid or
vitamin B9 for prevention of NTDs for this pregnancy?" Conditional on consuming, the follow up question
was "When did you start: more than 3 months before conception, between 1 and 3 months before conception,
first month of pregnancy or after the first month?"
18From an initial sample of 14,266 women; 664 (4.6%) of them were not interviewed and 956 (6.7%)
women did not know if they had used folic acid or when they began it.
19Since 2003 there are two manufacturers producing folic acid pills on a 400µg format: (1) ACIDE
FOLIQUE CCD, introduced late 2002 has 30 pills per box; (2) SPECIAFOLDINE, introduced early 2003
has 28 pills per box.
20To my knowledge, multi-vitamins have a zero reimbursement rate in France.
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characteristics of the products.21
2.4.1 A demand model
A household choice set consists on N products, where product n is characterized
by C nutrients {an1, ..., anC}, were C is smaller than N. As in DGN, the utility of
household i with demographics ηi is given by U(xi, zi, yi; ηi) where xi is the numéraire,
zi is a C × 1 vector of aggregated nutrients of food and yi is a vector of the quan-
tities purchased of all food products by household i. Define the N × C matrix
A = {anc} , n = 1, ..., N, c = 1, ..., C. a matrix of product characteristics. Household
maximize utility by choosing the quantity of the numéraire, xi, and of food items,
yi, subject to a budget constraint:
max
xi,yi








xi, yin ≥ 0 ,
where pn denotes the price for product yin, Ii corresponds to households i income
and p0 is the price of the numéraire good xi.
Assuming that quantities yin are continuous, that yin > 0 and dropping the





















. If the marginal utility for a
nutrient is negative, two products with the same prices will have different demands
depending on their content of such nutrient: a higher nutrient content leads to higher
21A detailed description of the model is given in Dubois et al. (2014).
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hedonic prices, thus a lower demand.
Next products are grouped into J macro categories, each with Kj products inside.
I add an additional category consisting on supplementation pills, with 1 product
inside, so that I have J+1 categories. Each product n is now labelled kj. The utility
function has the following specification:
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θij
ijk,
where νi is the income elasticity, λijk, θij, αij and βic are individual preference pa-
rameters. Maximizing utility subject to the budget constraint, and summing over






















k=1 pjkyijk is the expenditure on household i in category j at period t.
Here sijc corresponds to the nutrient share that category j has overall the nutrient c
availability for individual i.
2.4.2 Identification of the impact of the information campaign
To identify changes in amounts and preferences for folic acid, my identification
strategy relies on two important sources of variation. The first one considers the
underlying need for such information. Households not wanting to become pregnant
will not use such information, thus I would expect that their behaviour would be
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unaltered when receiving the additional information. Whereas, I would expect that
a household that wants to become pregnant is going to alter its behaviour in light
of this information. Given that I observe the birth dates of babies, I can make the
distinction between households that could use that information from households that
do not. Pregnant or conceiving households are in the treatment group, gc, whereas
not pregnant nor conceiving household are in the control group, gt.
There are three important remarks to be made: (A) a household might be trying
to have a child and not succeeding; (B) I do not observe the intention of having a
child, so a household might have a child serendipitously and not have changed their
behaviour before the pregnancy; (C) households could already know the importance
of having proper levels of folic intake. If a households falls within (A) and follows
the recommendations I will not be able to account for it, as (A)-type households will
not be in group gt but rather in group gc. If a households falls within (B) or (C),
they might not react to the policy.
The second source of variation is the timing and continuous effort of the policy. I
expect to see households for which information about folic acid is useful and relevant,
change their behaviour after they receive it. The years before 2005 are pre-treatment
and the years after 2005 are post-treatment. One drawback is that I do not observe
if households do receive the information, but given the magnitude of the policy, I
would expect that the average household receives it, at least, upon knowing they are
pregnant.
To understand the identification strategy I will closely follow Chaisemartin et. al
(2014). Let t ∈ {t0, t1} denote time and g ∈ {gc, gt} denote control (gc) and treatment
(gt) groups. Treatment status is binary and is denoted by an indicator D. Let Y (1)
and Y (0) be the potential outcomes (amount or preferences) of an individual with
and without the treatment. Only the actual outcome Y = Y (1)D + Y (0)(1 − D) is
observed. Let,
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∀(i, j) ∈ {gc, gt} × {t0, t1} , Zi,j = Z|t = i, g = j.
Denote the average treatment effect on the treated as, ATTi,j = E (Yi,j(1) − Yi,j(0)|D = 1).
Moreover, denote Pt0,gc , Pt0,gt , Pt1,gc , Pt1,gt the share of always takers (always compli-
ant with the treatment) conditional on belonging to the control and treatment group
before the treatment, and the share of always takers belonging to the control after
the treatment, respectively.
The DID of a random variable Z is denoted by:
DIDZ = E (Zt1,gt) − E (Zt0,gt) − [E (Zt1,gc) − E (Zt0,gc)].
As Chaisemartin et. al (2014) and Abadie (2005), I make a common trend as-
sumption which is at the basis of the DID approach:
E (Yt0,gt(0) − Yt1,gt(0)) = E (Yt0,gc(0) − Yt1,gc(0)) . (2.2)
Chaisemartin (2012) shows thatDIDY , whereDIDY is the difference in difference
on the outcome Y , can be written as a weighted DID of four average treatment effects.
DIDY = ATTt1,gtPt1,gt − ATTt0,gtPt0,gt − [ATTt1,gcPt1,gc − ATTt0,gcPt0,gc ]. (2.3)
Withtout further assumptions, no causal interpretation can be given to DIDY in
equation (2.3). Assuming a constant treatment effectATTt1,gt = ATTt1,gc = ATTt0,gt =
ATTt0,gc = ATT , equation (2.3) can be re-expressed in the following way:
22
22Assuming constant treatment effect implies that an individual within the treatment group (ie. a
conceiving women) is as motivated to react upon treatment than a treated in the control group (ie. women in
control that wants to have a child but is not pregnant yet or a woman whose conceiving state is unobserved).
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The average treatment on the treated corresponds to the Wald-DID. As I cannot
directly observe the difference in the trends for treatment status, DIDD, the effect
captured by DIDY corresponds to a lower bound of the average treatment on the
treated if and only if DIDD is strictly positive and strictly smaller that unity. This
will be satisfied if the following conditions are ensured: (1) there are not too much
treated individuals in the control group, Pt0,gt ≥ Pt0,gc ; (2) the relative growth rate
of the treated individuals in treatment group is not too small as compared to treated
individuals in the control group. Provided that the treatment group captures rel-
atively well the treatment individuals, there is no reason to believe that DIDD is
negative, nor bigger than unity.
2.4.3 Estimation approach
In this section, I introduce two ways of analysing the information policy: (1) I
explore overall folic acid availability of from products bought by both, treated and not
treated households before and after the policy; (2) I investigate if treated household
preferences are influenced by this policy.
2.4.3.1 Reduced estimation
To characterize the effect of the information campaign on folic acid availability
on treated households, I use the quarter average nutrient availability. The basic
regression specification is the following:
zit = κ+ λ✶i,treat × ✶year>2004 +Xitβ + δt,+ǫ̃it (2.5)
where zit is the total availability of folic acid purchased by household i in quarter t,
68
CHAPTER 2. FOLIC ACID ADVISORIES: A PUBLIC HEALTH ISSUE?
κ is a constant, ✶i,treat is an indicator function taking the value 1 if the household
is a treated household and 0 otherwise, ✶year>2004 is an indicator function taking the
value 1 if the period of purchase was made after 2004, and ǫ̃it rationalizes all other
idiosyncratic variations. Note that zit corresponds exactly to the nutrient content
from the theoretical model for a household i in period t.
The coefficient of interest is λ. This coefficient captures the relationship between
the policy and treated households’ reaction to it. If the policy did raise awareness
and passed into action the λ coefficient should be positive.
2.4.3.2 Structural estimation
The estimating equation of the structural model comes from (2.1). As prices
and quantities vary over time, the empirical specification requires a time subscript
t. Assuming that the indexed nutrient c = 1 is unobserved, and introducing a






= δij + ξjrt + ǫijt. Normalizing the
price of the outside good and the marginal utility of income to one, p0 = νi = 1,





βicsijct + δij + ξjrt + ǫijt. (2.6)
The household-category fixed effects, δij, capture differences in category specific
preferences between households. It allows for situations such as a household prefer-
ring more vegetables than another, regardless of time or place. Category-department-
quarter fixed effects, ξjrt, capture preference variation of time and place.
The remaining idiosyncratic variation is rationalized by ǫijt. It includes, but it is
not limited to, preferences shocks and changes in unobserved nutrients. Preferences
shocks are likely to affect the quantities of the products being bought.23 Shares, sijct,
and the idiosyncratic shocks, ǫijt, are likely to be endogenous.
To correct for such endogeneity DGN propose to use the variation of available
23As quantities yijkt are a result of an optimization process they depend on changes of unobserved
characteristics.
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products and their attributes. Conditional on controlling for household preference
heterogeneity, variation of available products are due to exogenous reasons: entry
and exit of products, or stores. Consumer preferences are controlled for using a large
set of households, category and time specific fixed effects.
The ideal situation is to observe the set of available products (and their nutrients)
that a consumer can purchase from within the stores she visits. Using this set it
is be possible to use as instrumental variable the average nutrient content of the
choice set. The caveat is that only purchased products are observed. It is possible,
however, to approximate product availability by constructing a set of products bought
within a reference "group". This allows to have variation in the IV while avoiding
correlations through quantities, or frequency of purchase. The reference group is
defined in the following way: (1) within a quarter-department I identify the retailer
that was most frequented for the purchase a category j of products by each consumer
along with the day of the week it was most visited; (2) consumers with the same most
frequented retailer on the same day of the week are considered to belong to the same
reference group. The choice set per category for each retailer on a day of the week is
approximated by taking all the products purchased by the consumers in the reference
group. Next, I to compute for each category j the average nutrient content of the
approximated choice sets. These can be used as IVs. The identifying assumption is
that the variation in this average is uncorrelated with the error term.
Let Ah(ijt) denote the choice set of products in category j for i’s "reference" house-
hold group in period t. The average nutrient content for nutrient c in category j







where #Ah(ijt) corresponds to the number of products in set Ah(ijt). I will label these
as IV-DGN. As each household may have a different reference type for each category
of products, reference’s ijt nutritional share for nutrient c is given by:
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A graphical illustration is given in figure 2.1. Let two households (green and red)
have the same reference group for fruits (retailer A + Friday). If household "red"
does not have the same reference group for dairy products (instead has: retailer B
+ Friday) then "green" household IVs’ nutritional shares from fruits will differ from
"red"s’. This is true if there is exogenous variation in the per-category choice set of
each reference group. I will label these as IV-shares.
Identification requires assuming the unobserved shocks ǫijt to be: (1) uncorrelated
with included nutrients akjc; (2) uncorrelated with the products that are bought
by the reference group Ah(ij′t) for all j′. The identifying assumption is that for
c = {2, . . . , C}:
E(ǫijt|sψh(ijt)c, δij, ξjrt) = 0. (2.9)
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2.5 Results
The following section presents reduced form results of the impact of the informa-
tion campaign on folic acid availability. The section also presents results from the
structural model.
2.5.1 Reduced form results
In table 2.5, I display 3 DID estimates (3 different models) of the impact of the
information policy on food folic acid availability. Observations are on the household-
quarter level. The dependent variable is the same across all regressions and cor-
responds to the household folic acid content per quarter. The panel analyses the
sample of women between 18 and 45 years.
According to the two regressions, without and with controls for demographics,
households that are pregnant or conceiving a child consume 6µg-9µg per person per
day less than households that are not treated. The impact of the policy increased
treated daily folic acid availability by 7µg per day. Model (3) investigates the hetero-
geneity in the treatment effect. If the household is having their first child, the impact
of the information policy is more pronounced. The opposite effect occurs in older,
more educated households, while richer households tend to have a higher impact.
Figure 2.1 reveals that the per-capita increase in daily folic acid availability occurs
almost everywhere along the distribution, except for the leftmost part. The effect
is, however, uneven as treated households with higher daily folic acid availability
react more. A treated household in the 90th percentile reacts 1.5 times more than a
median household.
I check the effect of the policy on other micro nutrient availabilities: iron, iodine
and calcium. These micro nutrients are also an integral part of a pregnant women
diet, though PNNS objectives only mentioned increasing the folic and iron status
of pregnant women (PNNS dossier de presse 2005, p.21). Iron is needed to prevent
anaemia during pregnancy and it is advised to have iron-intensive food products
during, and after the pregnancy. Low levels of iodine during the first trimester of the
72
CHAPTER 2. FOLIC ACID ADVISORIES: A PUBLIC HEALTH ISSUE?








&% ’% (% )% "% *% +% ,% -%
./% 0123 45267% 8/% 9 2:6%4123 45267%
Notes: X-axis are quantiles. The blue line represents the mean impact. Daily folic acid availability
is computed by taking the average quarter availability and dividing it by the appropriate number of
days. Adult equivalent scales are taken accordingly using USDA (2010).
pregnancy have been linked with decreased IQ of the offspring. Calcium is needed
to reduce risk of osteoporosis.
Table 2.6 displays four additional DID estimates of the impact of the information
policy on iron, iodine and calcium. Treated households consistently have lower levels
of nutrients than non treated households. According to the iron regression, daily iron
availability increases for treated women after the information policy is implemented.
There is, however, no effect of the policy on iodine nor calcium levels for treated
households after the policy is implemented. In contrast to folic acid, the effects of
iodine on IQ and of the role of calcium on the risk of osteoporosis after pregnancy
have been available to the general public since the late 80’s.
Table 2.7 reports on category specific DID estimates. Conditional on purchasing
fruits, vegetables and meats, treated households had higher folic acid intake from
these categories than not treated households. Concerning the other 6 categories,
there are no statistical differences between treated and not treated households.
Identification of the average treatment effect on the treated through DID relies
on a common trend assumption. To test this assumption, I display in figure (2.1) the
mean folic acid availability per year among the treated and not treated households.
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Previous to the advisory campaign both trend are similar, but after the policy, the
levels for treated households increase more than for not treated households.
Additionally I report a DID placebo analysis along with the true DID in table
2.8. As the policy is implemented mid 2005, I find as expected that the 2004 placebo
is not statistically different from zero. I find a positive but not significant effect of
the policy in 2005. The lack of statistical significance could be explained by the fact
that the policy was implemented in mid 2005. After 2005 the effect is positive and
statistically significant. An alternative strategy to check robustness of the effect is to
implement a placebo DID on household observable demographics: they should not
change with the policy. Table 2.9 displays 5 of such DID. No observed demographic
displayed a significant coefficient at the 10% level.
2.5.2 Structural form results
Table 2.10 reports on the demand estimates for nutrients. An observation is
on the household-department-quarter level. The dependent variable is the same
across all regressions and corresponds to the household expenditure per category on
a quarter. Nutrients included are: (1) macro nutrients such as fat, fibres, carbs,
proteins and sugar; (2) micro nutrients such as, folic acid, iron, iodine and calcium.24
Each explanatory variable corresponds to the contribution share of each category to
the total availability of a nutrient for a household in a quarter.
The first three models present estimates from a fixed effects OLS regression. All
regressions include household category and category-department-quarter fixed effects.
Model (8) includes the additional category "supplements" that accounts for the pos-
sibility of households to purchase folic acid supplements. Identification comes from
the correlation between household-category nutrient content shares and expenditure.
Not all coefficients are positive, but all are significant. Folic acid coefficient is positive
and significant across the three specifications. Models (7) and (8) allow for folic acid
to depend on treatment status, before and after the policy was implemented. Treated
24The structural model uses the dependent variable of the reduced form analysis to construct the ex-
planatory variable.
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households after the policy have stronger preferences for folic acid. Controlling for
supplements increases the impact of the policy on treated households.
The last two columns control for endogenous nutrient shares. Model (9) instru-
ments are the average nutrient contents of products bought in a quarter by households
going to a same in a retailer on the same day of the week. The instruments capture
the category-retailer-day variation in consumers’ choice set.25 Model (10) instru-
ments uses an additional source of variation: each consumers’ choice set varies per
category. The nutritional content shares for each household is used as an instrument.
Given the level of aggregation of my nutritional data, the variation of model (9) in-
struments is mostly picked up by the large set of fixed effects as can be seen from the
first stage F-statistic, while models’ (10) instruments keep their explanatory power.
Nevertheless, the information policy impact on treated households preference for folic
acid is robust across specifications even when controlling for preference changes on
other micro-nutrients.
2.6 Risk benefit analysis: Fortification policy in France
During the 20th century, public health interventions have increased life expectancy
by 25 years in the US (CDC, 2015). The average French or US citizen has rarely seen
a case of pellagra, chronic goiter diseases or rickets. Most do not even know what they
are. Unawareness is the best measure of invasive (e.g. fortification) public health
interventions’ success.26 Fortification of foods with a vitamin is uncontroversial if
are no negative secondary effects. In the case of folic acid there is epidemiological
evidence of possible harm to a part of the population. This controversy has stopped
all fortification efforts in France.
25In France not all retailers are open on Sundays, these instruments use this type of variation.
26 Pellagra, also known as the disease of the four D’s (diarrhoea, dermatitis, dementia, and death) is
caused by an insufficient intake of niacin (vitamin B3). The disappearance of pellagra in the US can be
attributed to flour fortification with this vitamin. Decreased goitre (swelling of the neck) related cases
are due to salt fortification with iodine in the early 1900. The virtual elimination of rickets, defective
calcification of bones, is also a public health triumph due to fortification of milk with vitamin D. These
interventions constitute a corner stone of paternalistic policies implemented by public health officials. They
are effective and efficient in fulfilling the basic nutritional needs of a large part of the population. If all
staples are fortified with unnatural quantities of nutrients, there is no possibility to opt out. Fortification
policies are in this sense coercive.
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Nevertheless, it is possible to assess the impact on baseline mortality and morbid-
ity risks of an eventual fortification campaign. I use a Quality Adjusted Life Years
model to capture changes in longevity and the quality of life (QALY) during the
remaining life span after a bad state of nature occurs.27 Using Hammitt (2013) I
develop a measure that collapses the value of lifetime health, longevity and lifetime
wealth into a simple and yet complete metric. I will refer to it as H-QALY.
Table 2.11 reports the estimated impact of a folic acid fortification policy that
increases population wide intake. I consider an increase of daily intake levels of
150µgm. Table 2.11 posits separately the impact on a cohort of children (ie. Number
of children born on 2011) and on adults (ie. Number of adults over 50 years old in
2011). Table 2.11 reports the average number of H-QALY and QALY gained when
a discount factor of 3% is considered.28 Children gain 456 and 37,883 H-QALY and
QALY, respectively. Adults gain 9119 and 756 877 H-QALY and QALY, respectively.
Not surprisingly, given the overall size of the risks faced and the affected population,
the impact on adults is higher.
Table 2.11 also posits the monetary values per H-QALY in each cohort; it is
computed over healthy individuals to avoid the identified life at risk issue (Hammitt
and Treich, 2007). One H-QALY is valued in average 1.4 Million. In the same
context, a QALY is valued as 17 230 euros.29 Taking the H-QALY and the value per
H-QALY, scaled to fit population wide values, the policy would have an estimated
impact of 0.67 billion euros for the child cohort and of 13 billion euros for the adult
cohort. 30
27 The theoretical model and calibration are found in Appendix 2.G.
28QALY are derived from H-QALYs by dividing over the average length of life (83 years)
29Values found in the literature are similar.
30To compare these results, I compare them to the results found in Bentley et al. (2010) that attempts to
do an ex-post evaluation of a folic acid fortification.They performed a cost-effectiveness analysis to evaluate
the fortification policy in the United States. Their results suggest that the overall benefits are positive and
are mostly driven by reduced heart attack risk. The gross benefits of their calculations are 322,940 QALYs
or 4.4 billion dollars for a fortification of 700µ g per 100g of grain. They do not explicitly consider other
health impacts such as the plausibility of increasing or decreasing cancer risk.
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2.7 Robustness checks
2.7.1 Were households informed before the policy?
The identifying assumption that the evolution of the treated in the control group
would have been smaller than that of the treatment group is sufficient to estimate the
impact of the policy. I examine below whether there is evidence that this occurred.
For this analysis, I focus on households that conceive a child. Consider the fol-
lowing relationship between folic acid consumption and quarter lead and lags with









τldil × ✶year>2004 +Xitβ + δt + ǫ̃it (2.10)
where dil is a dummy that indicates whether individual i is on the l-th quarter
away from their conception quarter. I am interested in analysing how the policy
influenced consumption around the period of conception. I focus on an interval of -2
years and +2 years around the estimated conception of the baby. Each coefficient τl
can be interpreted as the estimated impact of the policy on a given quarter around
the conception.
There is a testable prediction on the pattern of coefficients. If individuals were in-
formed both before and after the policy then coefficients τl should not be statistically
different from zero. Figure 2.1 and 2.2 plot the λl and τl coefficients, respectively.31
Each solid line corresponds to the estimated coefficients of the dummy for being on
the l-th quarter away form conception (a 95-percent confidence interval is plotted
by dashed lines). The λl coefficients fluctuate around zero while τl coefficients are
positive and significant around the period of conception. This pattern suggest that
before the policy households were not informed about the the effects of folic acid. As
expected, the policy had its highest impact around the period of conception. These
figures show that the identification strategy is reasonable and that the policy had an
31 Estimates are obtained using 7 leads and lag, but I only plot 3 leads and lags for presentation purposes.
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effect on the consumption of folic acid.
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2.7.2 Sex-mix as instrument for fertility
Table 2.12 reports on the sibling-sex mix composition on fertility similar to those
of Angrist & Evans (1998). The panel looks at the gender preferences by reporting
on the probability of a household to have a third child conditional on the gender of
the first two children. The first row reports the sample size of having one boy and
one girl, as well as both of the same sex. Conditional on the sibling-mix, the second
row reports on the probability of having a thirds child, while the last row reports on
the probability of conceiving during a year.
Data suggests that women with two girls or two boys are more likely to have a
third child. Women that had a boy and a girl correspond to 49.6% of household with
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at least two children. Their probability of having another child is 29.3% compared
to 36.2% for women that had either two girls or two boys. It implies that women
with two children of the same sex is 24% more likely to have a third child.
Suppose that household’s A first two children are boys. Data suggests that com-
pared to household B, which has a girl and a boy, household A is more likely to be
planning to have another child. Nevertheless, the conception probability of house-
hold A and household B on a specific year does not depend on the sex of the first two
children. Siblings randomly assigned sex make it possible to select the sub-sample of
households that are less likely to have a child a controls.
Figure 2.3 displays the folic acid intake for households with at least two children
that did not conceive over tne period of observation. There is no difference after the
policy between the availability among both sub-groups. This suggests that controls
are not as dirty as expected, and that the effect is not biased downward.
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2.8 Conclusion and discussion
This paper investigates the effects of the french mid-2005 folic acid advisory on
purchase and preferences. It sets up a quasi-experimental setting to measure the im-
pact on consumption using a reduced form approach, as well as a structural model to
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measure changes in preferences. It exploits the variation in the usefulness of folic acid
information between households: households that are conceiving or want to conceive
a child use it, while those that are not conceiving do not. Two methods are used to
investigate different aspects of the campaign: (1) a reduced form approach dealing
with changes in nutrient availability from the purchased basket; (2) a structural ap-
proach that focuses on household preferences for nutrients exploiting choice set and
product specific variation over all product categories and folic acid supplementation.
Results suggest that preferences and availability for at-risk households increased
as a consequence of the information policy. Results are robust in several dimensions.
A potential objection to this finding is that an increased level of folic acid availability
is only capturing a substitution effect between in-household and out-household food
consumption.
Yet, data suggests that NTD prevalence rates decreased after 2005. In could be
in part due to the increase from 0.01% in folic acid supplementation at the correct
window in 1995, to 14% in 2010, which is consistent with an increase of awareness
and the findings in this paper. Also, the general increase in folic acid intake between
1999 and 2006, as a spill over from the general fruits and vegetables campaign also
could explain the lower prevalence.
Public health government interventions are economically justified under the premise
of a market failure. As suggested by Griffith et al. (2014), public health through food
is better accomplished by reformulation of products than by correcting the informa-
tion gap of consumers. More than 60 states worldwide have fortified staple foods to
decrease NTD prevalence. A formal risk-benefit analysis should be done in France,
assessing different interventions to reduce the prevalence even further.
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Table 2.1 Summary Statistics treatment households
Before After
Treatment Control Treatment Control Diff & Diff
Age 30.57 36.59 30.69 36.3 -0.324
(4.37) (7.37) (4.7) (7.62) (0.214)
BMI 23.52 23.73 24 24 0.21
(4.55) (4.90) (4.72) (4.86) (0.26)
Income 2459.45 2210.7 2829.86 2532.89 26.50
(1048) (1069) (1146) (1234) (51.87)
First Child 0.33 0.23 0.34 0.23 0.011
(0.071) (0.062) (0.072) (0.061) (0.0198)
College 0.37 0.23 0.33 0.27 -0.0254
(0.48) (0.42) (0.47) (0.44) (0.0215)
Note: Only households where women are the persons in charge of reporting purchases, aged
between 18 and 50 years old are included. The first 4 columns display the standard deviations in
parenthesis, while the last column display the standard errors.
Table 2.2 Definition of macro-categories
Name Main items
Fruits fresh, canned or frozen fruit
Vegetable fresh, canned or frozen and starchy food
Grains flour, cereals, pasta, rice, couscous, breakfast cereals and bread
Dairy milk, cream, cheese, and yogurt
Meats beefs, pork, lamb, veal, poultry, as well as bacon, ham, sausage eggs
and all fish and seafood, whether fresh, smoked, frozen or canned; nuts
Fats oils, butter, margerine, and lards
Sweeteners sugar, fruit syrups, honey, artificial sweeteners, fruit juices
Drinks sodas, water coffee, tea and other beverages
Prepared foods all commercially prepared items: sweet savory, frozen, canned or deli
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Table 2.3 Average expenditure and quantities per category
Quantities in kilos/person/day
Before After
Expenditure in AC/per./day Treatment Control Treatment Control
Fruits 0.142 0.058 0.062 0.085 0.082
Vegetables 0.24 0.102 0.107 0.122 0.117
Grains 0.494 0.106 0.112 0.119 0.126
Dairy 0.617 0.292 0.287 0.265 0.263
Meat 0.814 0.088 0.088 0.102 0.097
Fats 0.156 0.046 0.048 0.046 0.046
Sugar 0.042 0.015 0.017 0.016 0.016
Drinks 0.555 0.499 0.439 0.465 0.415
Prepared F. 0.598 0.132 0.127 0.141 0.134
Note: Only households where a woman is in charge of reporting purchases, aged between 18 and
45 years old are included. All variables are corrected with adult equivalent scales. Only positive
quantities are used in the analysis. Daily quantities are obtained by diving the average quantities
per quarter by the total number of days the household was active per quarter. Household are on
average active 70% of weeks during a quarter.
Table 2.4 Average contribution of Dietary Folate Equivalent per category
Fruits Vegetables Grains Dairy Meats Fats Sugars Drinks Prepared Foods
0.08 0.10 0.29 0.23 0.08 0.00 0.01 0.10 0.11
(0.09) (0.10) (0.14) (0.10) (0.07) (0.01) (0.02) (0.08) (0.07)
Note: Only households where a woman is in charge of reporting purchases, aged between 18 and 45 years
old are included. Results are proportions; standard deviations are in parenthesis.
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Table 2.5 Reduced form results on daily folic acid availability
(1) (2) (3)
Treatment -6.247** -9.253*** -8.963***
(2.857) (2.934) (2.937)
Treatment X Policy 7.508** 7.153** 9.320
(3.349) (3.412) (14.97)
Treatment X Policy X College -12.56***
(4.760)
Treatment X Policy X Age -0.605
(0.440)
Treatment X Policy X Income 0.00673***
(0.00196)








First kid (yes=1) -6.119*** -6.845***
(1.599) (1.710)
Constant 171.2*** 220.9*** 220.1***
(1.233) (5.312) (5.458)
Observations 83212 83212 83212
Year FE Y Y Y
Note: Dependent variable is average daily folic acid availability per quarter adjusted with adult equivalent scales
(USDA). All regressions are based on households where women are the persons in charge of reporting purchases,
aged between 18 and 45 years old are included. Robust standard errors are in parenthesis. *** significant at the
1% level;** significant at the 5% level;* significant at the 10% level.
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Table 2.6 Results on other micronutrients
Folic acid Iron Iodine Calcium
Treatment -9.253*** -0.317*** -0.769 -5.027
(2.934) (0.122) (1.317) (14.09)
Treatment X Policy 7.153** 0.307** -0.0816 -6.653
(3.412) (0.144) (1.517) (15.86)
College 10.53*** -0.186** 0.853 42.01***
(2.082) (0.0789) (0.847) (9.177)
Age -1.048*** -0.0550*** -0.766*** -6.831***
(0.142) (0.00598) (0.0627) (0.662)
Income -0.00653*** -0.000305*** -0.00357*** -0.0315***
(0.000794) (3.15e-05) (0.000347) (0.00362)
First child -6.119*** -0.262*** -0.348 3.588
(1.599) (0.0686) (0.699) (7.452)
Constant 220.9*** 9.586*** 117.2*** 1,179***
(5.312) (0.227) (2.403) (24.99)
Observations 82,213 82,213 82,213 82,213
Year FE Y Y Y Y
Household characteristics Y Y Y Y
Note: Dependent variable is average daily folic acid availability per quarter adjusted with adult equivalent scales
(USDA). All regressions are based on households where women are the persons in charge of reporting purchases,
aged between 18 and 45 years old are included. Robust standard errors are in parenthesis. *** significant at the
1% level;** significant at the 5% level;* significant at the 10% level.
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Treatment X 2004 1.749 2.903
(4.785) (4.896)
Treatment X 2005 4.900 5.224
(4.770) (4.865)
Treatment X 2006 9.718** 9.916**
(4.548) (4.650)





Year FE Y Y
Household characteristics (HHC) Y Y
Note: Dependent variable is average daily folic acid availability per quarter adjusted with adult equivalent scales
(USDA). All regressions are based on households where women are the persons in charge of reporting purchases,
aged between 18 and 45 years old are included. Household characteristics include age, income, first child and
education. Robust standard errors are in parenthesis. *** significant at the 1% level;** significant at the 5%
level;* significant at the 10% level.
Table 2.9 Placebo DID on observable characteristics
BMI College Income Age First Child
Demographic -0.264 0.143*** 229.2*** -6.720*** -0.220***
(0.227) (0.0185) (45.31) (0.195) (0.0206)
Demographic X Policy 0.0604 -0.0254 26.50 -0.324 0.0121
(0.232) (0.0215) (51.87) (0.214) (0.0246)
Constant 23.76*** 0.271*** 2,229*** 37.72*** 0.701***
(0.0830) (0.00671) (15.98) (0.105) (0.00699)
Observations 88,608 102,536 101,376 102,536 102,536
Year FE Y Y Y Y Y
Note: Dependent variable is demographic. All regressions are based on households where women are the persons
in charge of reporting purchases, aged between 18 and 45 years old are included. Robust standard errors are in
parenthesis. *** significant at the 1% level;** significant at the 5% level;* significant at the 10% level.
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Table 2.10 Results on demand estimates: preferences for nutrients
(6) (7) (8) (9) (10)
Treatment X Policy X Folic acid 0.136* 0.339*** 0.219* 0.364***
(0.0808) (0.0877) (0.113) (0.117)
Treatment X Folic acid -0.102 -0.0480 -0.429*** -0.587***
(0.0777) (0.0835) (0.102) (0.106)
Policy X Folic acid 0.0166 0.0184 0.183** 0.197***
(0.0185) (0.0189) (0.0716) (0.0689)
Folic acid 0.184*** 0.174*** 0.225*** 0.286*** 0.0791
(0.0179) (0.0207) (0.0211) (0.0678) (0.0845)
Iron 0.285*** 0.218*** 0.214*** 0.141** 0.0628
(0.0258) (0.0245) (0.0247) (0.0605) (0.0755)
Iodine -0.0453** -0.145*** -0.146*** -0.189* 0.130
(0.0224) (0.0283) (0.0282) (0.111) (0.114)
Calcium 0.164*** 0.142*** 0.138*** 0.107 0.634***
(0.0337) (0.0334) (0.0334) (0.313) (0.202)
Fat 0.225*** 0.226*** 0.227*** 0.225*** -0.296***
(0.00967) (0.00959) (0.00954) (0.0371) (0.0440)
Fibres -0.0934*** -0.0944*** -0.103*** -0.217 0.275***
(0.0275) (0.0273) (0.0273) (0.246) (0.0519)
Carbs 0.328*** 0.333*** 0.309*** -0.309 -0.931***
(0.0425) (0.0424) (0.0415) (0.247) (0.0828)
Proteins 0.990*** 0.996*** 0.987*** 1.215*** -0.0547
(0.0744) (0.0741) (0.0738) (0.136) (0.107)
Sodium 0.0490*** 0.0491*** 0.0469*** -0.132*** -0.169***
(0.00611) (0.00614) (0.00608) (0.0364) (0.0283)
Interact. w.o. micronutrients N Y Y Y Y
Category-dept-quarter FE Y Y Y Y Y
Household-categry FE Y Y Y Y Y
Supplements N N Y Y Y
IV DGN N N N Y N
IV shares N N N N Y
Weak IV 2.03 131
Observations 828,615 828,615 828,615 828,286 828,286
Note: Only households where women are the persons in charge of reporting purchases, aged between 18
and 45 years old are included. Robust standard deviations are in parenthesis. *** significant at the 1%
level;** significant at the 5% level;* significant at the 10% level.
87
CHAPTER 2. FOLIC ACID ADVISORIES: A PUBLIC HEALTH ISSUE?
Table 2.11 Simulation results
Adults Children Total
First Scenario
Size affected pop. 19 Millions 756 thousand
Risk aversion (ρ) 0.078
Discount factor (r) 3%
Average H-QALYs gained 9119 456.42 9575.42
Implied QALY gained 756877 37882.86 794759.86
Value of Statistical Life* 1.43 1.46
Value per QALY 17228.92 17590.36
Expected Benefits** 13.05 0.67 13.72
Discount factor (r) 7%
Average H-QALYs gained 2753 475.6 3228.6
Implied QALY gained 228499 39474.8 267973.8
Value of Statistical Life* 1.31 1.32
Value per QALY 15783.13 15903.61
Expected Benefits** 3.6 0.62 4.22
*in Millions of euros; **in Billions of euros
Table 2.12 Fertility and sex mix
Sample Fraction that
of observation had another kid
One boy, One girl 0.496 0.293
(0.001)




Note: Only households where women are the persons in charge of reporting purchases, aged between 18 and 50
years old are included. Results are consistent with Angrist & Evans (1998).
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Appendix
2.A Folic acid a controversial molecule
Human beings cannot synthesize vitamin B9 and need to acquire it from external
sources. The principal natural source of it in the daily diet comes from vegetables
and fruits and to a minor extent from grains, cheese, eggs, and liver of different
animals. Yet, folate bio-availability from such sources is not fully recovered by the
human body. Actually, the intestine track can only absorb between 50 to 60% of
the total intake.32 Folic acid, being a monoglutamate molecule, it is better absorbed
than its natural occurring counterpart, which is a polyglutamate molecule. There
is, however, need for more research on the bio-availability of natural folates in food.
McNulty et al. (2004) stress an important issue: "concerning the lack of accurate
data on folate bio-availability from natural food sources. [...] The poor stability
of folates in foods under typical conditions of cooking can substantially reduce the
amount of vitamin ingested and thereby be an additional factor limiting the ability
of food folates to enhance folate status". Therefore, it is important for a country that
does not rely on mandatory food fortification to correctly assess the levels of folates
in natural foods to provide quantifiable data on which to base food policies.
Deficiency of vitamin B9 has been identified as one of the determinants of serious
birth defects (Llanos et al 2007; Sharma et al. 1994). The two most common birth
defects are spina-bifida and anencephaly. These NTD occur when the neural tube
does not close properly so that the spinal cord is not fully covered. The closing
happens around 24 days after conception, i.e. before the woman realizes that she is
32This is the reason why dietary folate equivalent is used
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pregnant. In case of an anencephaly the child dies immediately after birth, whereas
in case of a spina-bifida the child often survives but is often impaired by disabilities
such as paralysis and other physical handicaps. The main risk factors that have
been identified are low maternal intake of folic acid, diabetes, use of valporic acid or
carbamazepine, obesity and impaired vitamin B12 status (Rouget 2005).
Recent studies (Ingeborg et al. 1999; Wendy et al. 2000) show that an average
daily intake of 400 µg of folic acid two months before and one month after conception
reduces the risk of a foetus to suffer a NTD between 40 to 80%. Folates are an
important element for the metabolism of amino acids and nucleic acids. They play
a crucial role in the replication of DNA and RNA.33 A lack of folic acid causes
the mitosis to happen at a lower rate, which is particularly bad during periods of
strong cellular division activity (pregnancy or early childhood). Its critical role in the
development of the neuronal connection is unquestionable (Eichholzer et al. 2006).
The effectiveness in reducing NTD prevalence is not the only positive health
aspect of folic acid. A recent meta-analysis, (Xiaobin et al. 2007) has shown that
folic acid supplementation can effectively reduce the risk of suffering a stroke in
primary prevention. Another meta-analysis (Wald et al. 2006), supports the idea
that folic acid supplementation decreases the risk of cardiovascular diseases. The
intuition is that raised levels of serum homocysteine are associated with higher risks
of ischaemic heart diseases and strokes. What folic acid supplementation does is to
help decrease the levels of homocysteine in the human body, hence decreasing the
risk associated to both stroke and heart disease. Folic acid is also associated with
bowel cancer risk reduction. A recent meta-analysis of 27 studies found that high
folate intake was associated with a 15% reduction in bowel cancer risk (Jentink et
al. 2008). Additionally, higher intake levels of folic acid have been related to lower
breast cancer risk in women (Ericson, 2007). Finally, decreased risks levels regarding
pancreatic, oesophageal and gastric cancer have been found (World Cancer Research
Fund, 2007).
33 "Folate is needed to carry one-carbon groups for methylation reactions and nucleic acid synthesis the
most notable one being thymine, but also purine bases" (Figuereido et al, 2009).
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It is important to stress that high doses of folic acid are suspected to have negative
health effects on the population. There is an ongoing debate in the epidemiological
literature on whether folic acid is more harmful than beneficial to human health (Kim
et al. 2004; MRC 1991; Molloy 2005; Wald et al. 2006). High levels of folic acid are
suspected to be one of the primary causes of colorectal cancer. This is due to the
fact that folic acid helps the development of cancerous adenoma -the precursors of
cancer cells. A meta-analysis by Fife et al. (2011) concludes that taking folic acid
supplements for less than three years has no effect on adenoma recurrence overall,
while taking it over more than three years revealed an increase in the risk of colorectal
adenoma, especially on advanced adenoma. This suggests that folic acid might be
linked with a higher risk of colorectal cancer.
Colorectal cancer is not the only harm that folic acid is suspected to cause. An-
other study (Ebbing et al. 2009) highlights that folic acid could be associated with
increased lung and haematologic cancer risk.
Another potential drawback of folic acid is that it masks the effects of low levels
of vitamin B12 in the body. Due to its role in the development of red blood cells,
deficient levels of vitamin B12 will eventually lead to pernicious anaemia. Yet, the
effects will not be noticed since folic acid masks anaemia while not correcting the
negative neurological effects, principal manifestation of pernicious anaemia. The US
National Institute of Health found that "high serum folate levels not only might
mask vitamin B12 deficiency but could also exacerbate the anaemia and worsen the
cognitive symptoms associated with vitamin B12 deficiency" (NIH, 2010).
Evidence seems to suggest that the effect on human health has an inverted U-
shaped. When the human body does not have enough folic acid, the risk of developing
cancer, of suffering a stroke or heart attack, increase. Once the folic acid level is
too high, other problems occur: masking B12 deficiencies; higher risk of developing
different types of cancer. A natural question that arises is, how much is too much?
(Verhoef, 2011). The answer to this question falls out of the scope of this paper,
nevertheless it is of crucial importance if a government is considering a mandatory
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fortification policy (Larsson et al. 2007).
2.B Prevalence rates in France
Data from prevalence rates are taken from EUROCAT (2015). 34 Only registries
from Paris and Strasbourg are taken. Paris registry is the only registry in France
that has data from 1981 to 2012; Strasbourg has data from 1982-2007. Table 2.B.1
reports on results from 3 empirical implementations. Model (1) considers a break
in 1995, date at which the U.S. announced their mandatory folic acid fortification
policy, until 2005 when the French government started their massive information
policy campaign. Model (2) considers a break starting in 2000 when several small
private advisory initiatives in France were born. Finally, model (3) considers a model
with an underlying trend allowing for a break in 2005. All models capture a positive
trend before the advisory campaign in the middle of 2005 and a negative trend after.
2.C What has been done in France
The history of this combined policy dates back to 1995, when a private recommen-
dation published by the French Pediatric Society (FPS) advised pregnant women to
take a daily dose of 200 micrograms of folic acid supplements. The recommendation
also urged women of child-bearing age to increase the intake of folate. By 1997 the
National College of Obstetrics and Gynaecology followed up in the recommendation.
By 1999, the DGS organized a committee of experts to single out a national
recommendation, which was issued in August 2000. The national recommendation
reminded doctors to systematically supplement any woman who wanted to have
children with a daily dose of 400 micrograms of folic acid starting two months before
conception until two months after conception. The government committed to pay
up to 65% of the costs of the supplements under the sole condition of having a
prescription. No efforts were made to encourage or aid in opting for a folic intensive
34Data are free an available at www.eurocat.eu
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Table 2.B.1 Prevalence rates in France from 1981 to 2012
(1) (2) (3)













After 2005 X Trend -0.571*
(0.330)
Paris (if =1) 0.391 0.373 0.545
(0.567) (0.598) (0.545)
Constant 10.80*** 11.30*** 8.935***
(0.489) (0.477) (0.673)
Observations 58 58 58
R-squared 0.294 0.215 0.379
Notes: Standard errors are clustered to the household level. Standard devi-
ation in parenthesis. *,**,*** are significant at p<0.1, p<0.05 and p<0.01
confidence levels. All regressions include data from registries of Paris and
Strasbourg taken from EUROCAT (2015) from 1981 to 2102.
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diet to the general public.
In 2003 a folic acid fortification pilot program was designed for the french region
of Alsace. Its mission was to evaluate the impact of introducing fortified flour. The
project failed because of strong opposition due to its potential side effects. Nonethe-
less, the debate is still on the table at a European level with decision makers asking
for more research on the potential benefits or harm of fortified food in order to make
an informed decision.
The 2004 bill comprised general objectives targeting the population as a whole, as
well as specific objectives targeting small groups of individuals. Table 2.C.1 displays
the objectives of the Plan National Nutrition Santé (PNNS).
2.D Facts about pregnancies in France
An important aspect is that in France, less than 15% of births are not desired
(HCF, 2012).35 The low percentage of unwanted births is explained could be ex-
plained by voluntary termination of pregnancies; roughly, 1 over 5 pregnancies in
France are terminated.
Another important aspect is to assess how many households who want a child are
not able to conceive. Table (2.D.1) reports on the intention to have a child in 2005
and actual births in 2008. The survey was administered by the Etude des relations
familiales et intergénérationnelles, ERFI, which interviewed couples where women
were less than 50 years old, and where both members agreed on having a child. Form
the entire sample, 28% stated wanting a child and more than half did effectively had
a child by 2008. Even though the sample in the ERFI survey is restricted to couples,
it is important to keep in mind that within the data used in this paper, there could
be households that do want to have children and cannot, as well as households that
do not want to have children but do.
35Rates in 1995; New data will be available soon in the new HCF, expected on 2015. Not desired births
include children that were not properly planned.
94


































































































































































































































































































































































































































































































































































































































































































































































































CHAPTER 2. FOLIC ACID ADVISORIES: A PUBLIC HEALTH ISSUE?
Table 2.D.1 Intentions to have a child and realization
Answered in 2005 Had a baby 2005-2008
Intention to have a child conditional unconditional
Yes 15% 65% 9.75%
Probably yes 13% 55% 7.15%
Probably not 5% 32% 1.60%
No 67% 6% 4.02%
Source: Etude des relations familiales et intergénérationnelles (ERFI). Cou-
ples where the women was less than 50 years old, and where both members
agreed on having a child
2.E Data: Constructing the conceiving/pregnant group
It is possible to construct a measure of when a household is conceiving a baby
using the birth date of babies. Let t be the year of birth of the baby, I define the
variable "conception" as the year previous to birth (year t−1) and the variable "birth"
as the year of birth. In average conception is 9 months previous to birth, so it is
possible that the year of birth is the year of conception. I consider that a household
is treated if the household is either during the year of conception or birth. Figure
2.E.1 provides a graphical illustration of how I define the treatment.
Figure 2.E.1 Defining treated households
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2.F Adult equivalence
I construct a household equivalence scale based on daily caloric requirement of
all household members divided by 2,500. Daily Caloric Requirement of individual
household members is given in Table 2.F.1.




















2.G Risk benefit analisys: Framework and calibration
In a recent paper, Hammitt (2013) argues that standard linear QALY analyses
are inconsistent with welfare economics and benefit-cost analysis; mainly due to the
assumption of constant additivity over time. He proposes an alternative approach
which consists on an affine transformation of QALY, whereby the slope and the
intercept may depend on wealth.
Following Hammitt (2013), let h denote a normalized average health state during
the life of the individual, t denotes life longevity and w average life time wealth.
Lifetime utility is defined by following expression:
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U (h, t, w) = Q (h, t) a (w) + b (w)




b (w) = 0, (2.11)
where r and ρ is the risk posture measure for health/longevity and level of relative
risk aversion over wealth, respectively. Q (h, t) is the utility value of lifetime health
and longevity. Note that for a given level of wealth, utility depends only on health
and longevity and that both are treated symmetrically. Without loss of generality, I
normalize utility from bequest b (w) to zero.
The appealing feature of using the (from now onward) H-QALY is that it collapses
the value of lifetime health, longevity and lifetime wealth into a simple and yet











where V is inversely proportional to the utility derived from longevity and health
and directly proportional with "the fear of ruin" a(w)
a′ (w)
(Hammitt, 2013). The "fear of
ruin" is the willingness to financial risk ruin in exchange for a marginal increase in
wealth. The individuals willingness to pay for an additional H-QALY is increasing
in the "fear of ruin". Thus for a given V, if an individual has a high fear of ruin then
he/she would have a higher H-QALY than an individual with the same V but a lower
fear of ruin.
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Calibration of parameters
The probabilistic model used is close in spirit to Rice et al. (2010). The model
considers the impact that an increased intake of folic acid has on one cohort of
individuals. As a same increase in folic acid intake is suspected to cause different
effects across the population, I focus on the impact on newborns (or yet to be born)
and the population over 50 years old.
Lets consider first the calibration parameters used to construct each H-QALY and
its willingness to pay. As equation (2.12) illustrates, computation requires measures
of health, longevity and wealth; wealth is conditioned on longevity and health. Table
2.G.2 reports on values for each measure.
Health-related quality of life, h: (HRQL) associated with health state h (one to
one mapping) is scaled so that a value of 1 corresponds to full health and 0 to a state
of health as bad as dead. Health status are constructed using EQ-5D reported on
the most recent studies available.
Longevity, t: corresponds to the average life expectancy of healthy individuals.The
distribution is simulated from Christensen et al. (Nature 2013). Longevity condi-
tional on having a disease k is modelled as a rescaled version set to fit the average
life expectancy of individuals affected by disease k.
Wealth, ω: corresponds to cumulated wealth. It is assumed that wealth depends on
health and longevity. The distribution is assumed to follow a log-normal distribution
using as inputs data from Insee (Patrimoine 2010).
Risk posture for longevity, r: is independent of wealth. It follows immediately
from the assumption that preferences from heath and longevity are independent of
wealth.36 I will assume that individual are risk averse with respect to longevity: 3
to 7%.
36Hammitt & Tuncel (forthcoming JRU 2015) found that risk postures with respect to longevity might
be either neutral, prone or risk averse. Though, they do not report average values per type of posture.
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Relative risk aversion, 1 − ρ: measures the degree of relative risk aversion that is
implicit in the utility function. I use a value of 0.92 (Andreoni & Sprenger 2009) .
Next disease specific prevalence rates need to be extracted. Overall cancer-
specific, cardiovascular and NTD mortality rates for the French population are ob-
tained from current life tables (Institut National du Cancer, InC, 2011); Table 2.G.1
displays the risk of contracting above-mentioned diseases in France. Table 2.G.1 also
displays the maximun, minimun and average change in the baseline risk for each
considered disease. Note that changes in baseline risks that are above 1 are harmful,
while changes below 1 are beneficial.
Prevalence of disease j Rjg: is the current risk for a person of gender g to contract
disease j.
Dose response j ϕj: is the coefficient reflecting the dose-response relationship be-
tween an increase of 1µgm of daily folic acid intake and a change (increase or decrease)
in the risk of contracting disease j.
Change in intake ∆I: Measures the changes in intake of folic acid due to a forti-
fication policy.
Simulation procedure
I employ a cox-proportionality model as a workhorse to capture the risk reduction.










To simulate I proceed as follows:
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1. I simulate a population accounting for age, gender, wealth, adenoma occurrence
(affecting 30% of the population) and current intake folate levels. This is,
I replicate France current population structure (for men and women above 50
and babies been born) with their current wealth paths, probabilities of adenoma
occurrence and current folate level (INCA 2007). As a whole, I obtain an
approximation of France oldest and youngest population structure.
2. I use current prevalence rates of Ischaemic heart attack, colorectal, breast, lung,
hematologic, pancreatic, oesophageal and gastric cancer as well as NTD’s preva-
lence to assign diseases states to each simulated individual in stage 1. Equation
(2.12) is used to compute changes in prevalence rates due to an increase ∆I in
population intake.
3. Longevity, health and wealth states for each diseases are generated using a nor-
mal, triangular distribution and log-normal distribution using as inputs health
and quality outcomes using as inputs data from tables 2.G.1 and 2.G.2.
4. An individual is assigned randomly to a state of nature of health and longevity.
This is, an individual state of nature contains a set of health, wealth, longevity
characteristics. For each individual I compute an H-QALY in the current state
of nature, as well as in their assigned state of nature when a fortification policy
is implemented.
5. For each individual, I compute their willingness to pay for each H-QALY. The
willingness to pay will vary depending on the state of nature. To avoid identified
lives problems (Hammitt & Treich 2007), I compute the willingness to pay
assuming individuals are healthy.
6. To obtain the change in welfare after a fortification policy, for each individual I
multiple the willingness to pay per H-QALY by the change in H-QALY caused
by the policy. The total value is obtained by summing the benefits/costs over
the simulated population.
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Table 2.G.1 Disease Characterization I
Disease Propensity* Changes in baseline risk**
Effect Men Women Max Mean Min Threshold+
Heart attack + 1.01 1.01 0.75 0.88 1.05
Colorectal + 3.84 2.37 0.67 0.76 0.89
- 1.08 1.05 1.02 >1000
Breast + 0 8.80 0.38 0.58 0.86
Lung - 5.17 1.86 1.20 1.10 1.01 >1000
Hematologic - 0.54 0.54 1.07 1.17 0.94 >1000
Pancreatic + 5.17 1.86 0.62 0.78 0.97
Oesophaegal + 0.54 0.09 0.47 0.57 0.70
Gastric + 0.54 0.54 0.64 0.78 0.93
NTDs + 10 10 0.68 0.78 0.87 >400
Note: * per 10 000 persons; **for an increase of 150 µg; + in µg. Sources: Appendix 2.A gives a detailed
description of the sources used to construct the table.
Table 2.G.2 Disease Characterization II
Age of Death Cumulated Wealth Health Statut**
Healthy 83 211.50 1
Heart attack 70 211.50 0.72
Colorectal Cancer 69 211.50 0.85
Breast 72 148.60 0.71
Lung 69 211.50 0.76
Hematologic 69 211.50 0.76
Pancreatic 69 211.50 0.78
Oesophaegal 68 211.50 0.8
Gastric 68 211.50 0.8
NTDs 22 7.20 0.5
less than 30 years 7.20
30 and 40 48.60
40 and 50 132.50
50 and 60 203.70
60 and 70 211.50
more than 70 years 148.60
Note: *Used a proxy of consumption, in thousands of euros; **EQ-5D format. Sources: Markou
et al. 2011; Pickard et al. 2007; Slovacek & Slovakova 2007; Wildi et al. 2004; Romanus et al.
2012. Insee patrimoine 2010. Institut National du Cancer, InC, 2011.
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The idea behind the simulation model is to replicate current (true) risks faced by
individuals. Those who are affected by a disease k (or not) are matched with their
corresponding health state, longevity and average cumulated wealth. For example, a
healthy individual adult will have a health state of 1, a life expectancy of 83 and an
average cumulated wealth of 148.60 thousand euros. I simulate states of nature where
these risks change due to a general intake increase of folic acid; non-linearities of the
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We structurally identify consumer shopping costs —real or perceived costs of dealing
with a store— using scanner data on grocery purchases of French households. We
present a model of demand for multiple stores and products consisting of an optimal
stopping problem in terms of individual shopping costs. This rule determines whether
to visit one or multiple stores at a shopping period. We then estimate the parameters
of the model and recover the distribution of shopping costs. We quantify the total
shopping cost per store sourced on average. This cost has two components, namely,
the mean fixed shopping cost and mean total transport cost per trip. We show that
consumers able to source three or more grocery stores have zero shopping costs, which
rationalizes the low proportion of three-stop shoppers observed in our data. Theory
predicts that when shopping costs are taken into account in economic analysis, some
seemingly pro-competitive practices can be welfare reducing and motivate policy
intervention. Such striking findings remain empirically untested. This paper is a
first step towards filling this gap.
Keywords: Grocery retailing, supermarket chains, shopping costs, one- and multistop
shopping, Method of Simulated Moments, Simulated Maximum likelihood.
JEL classification: D03, D12, L13, L22, L81.
†Toulouse School of Economics, Email: jorge.florez@tse-fr.eu
‡Toulouse School of Economics, Email: daniel.herrera@tse-fr.eu
∗For guidance and support we are grateful with Bruno Jullien and Pierre Dubois and James Hammitt.
We thank Patrick Rey, François Salanié, Alessandro Iaria, Zhijun Chen, Andrew Rhodes, Michelle Sovinsky
and Martin Peitz for their helpful comments and discussions. This work has also benefited from comments
and suggestions by participants at the LEI seminar at CREST (2015), IIO Conference in Boston (2015),
the Applied Microeconomics Seminar at Banco de la República in Cali (2014), LACEA Annual Meeting in
São Paulo (2014), the ENTER MaCCI-TSE Competition Economics Workshop in Mannheim (2014) and
the Applied Microeconometrics Workshop at the Toulouse School of Economics (2013). We are indebted to
the Institut National de la Recherche Agronomique, INRA, for providing us with access to the data. All
errors are our own
105
CHAPTER 3. ROLE OF SHOPPING COSTS
3.1 Introduction
Consumers have heterogeneous shopping patterns (see Figure 3.1 below). This
heterogeneity might be explained by several factors such as preferences, demograph-
ics, geographic location, information frictions, differentiated retailers, and time avail-
ability for shopping activities. Previous literature has introduced a concept that
accounts for some (or most) determinants: shopping costs (Klemperer, 1992, Klem-
perer and Padilla, 1997, Armstrong and Vickers, 2010, and Chen and Rey, 2012,
2013). In line with this literature, we will call shopping costs all real or perceived
costs a consumer incurs when sourcing a grocery store. Economic theory shows that
in a context of multiproduct retailing and consumer shopping costs, several prac-
tices that would otherwise be considered competitive and good from a social welfare
perspective can be less competitive. However, there is not much empirical support
for such findings, in part because the introduction of shopping costs in a structural
model of demand is a challenging task. This motivates the following questions. First,
is it possible to quantify shopping costs from observed consumer shopping behavior?
Second, will accounting for shopping costs in a multiproduct demand model lead to
a better understanding of consumer heterogeneity in shopping patterns? Finally, to
what extent the inclusion of shopping costs would be crucial for policy analysis? In
this paper, we develop and estimate a structural model of multiproduct demand for
groceries in which shopping costs play a key role in consumer decision making. This
framework enables us to identify the distribution of consumer shopping costs from
data on grocery purchases.
We say that two consumers have heterogeneous shopping patterns when they
visit a different number of stores within the same shopping period. Therefore, a
consumer sourcing a single store within, say, a week will be a one-stop shopper and a
consumer visiting several separate suppliers within the same week will be a multistop
shopper. Consumer shopping costs, which may depend on stores’ characteristics (e.g.
transport costs depend on store location; the opportunity cost of time from shopping
depends on store size) and may as well be informative about consumers’ tastes for
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shopping, account for such differences.1
The inclusion of shopping costs in the analysis of multiproduct demand and sup-
ply may change policy conclusions dramatically. Consider, for instance, the case of
multiproduct retailers competing head-to-head by selling homogeneous products. In
the presence of shopping costs, customers will stick with a single retailer because
the benefit from visiting an additional supplier need not compensate the shopping
cost. As a consequence, competition is reduced and prices are higher. In contrast,
if product lines are differentiated, retailers may be tempted to undercut prices to
make one-stop shoppers become multistop by patronizing several separate suppliers
(Klemperer, 1992). Further, the presence of shopping costs may lead to the intro-
duction of too many varieties of products with respect to the social optimum. When
a retailer introduces a new product, the mass of one-stop shoppers increases because
more consumers prefer to concentrate purchases with the retailer supplying a wider
product range and save on shopping costs. As a consequence, rivals’ profits decrease
(Klemperer and Padilla, 1997).
Moreover, shopping costs in a context of multiproduct retailing may change the
way we understand below-cost pricing, commonly considered as predatory. Large
retailers can adopt loss-leading strategies when competing with smaller rivals to price
discriminate between one- and multi-stop shoppers. From this perspective, it is more
profitable to keep rivals in the market and motivate customers with low shopping
costs to source multiple stores, than pushing them out. Hence, pricing below cost
turns out to be an exploitative device rather than a predatory practice (Chen and
Rey, 2012). Finally, in a setting of competition between large retailers, in which
each has a comparative advantage on some products, cross subsidization strategies
may be competitive. Below-cost pricing is again not predatory and it can be good
for consumer welfare. Banning this practice may hurt consumers and reduce social
welfare (Chen and Rey, 2013).
1Klemperer (1992) distinguishes among consumer costs in the following way: “...consumer’s total costs
include purchase cost and utility losses from substituting products with less-preferred characteristics for
the preferred product(s) not actually purchased [transport costs of the standard models à la Hotelling] (...)
Consumers also face shopping costs that are increasing in the number of suppliers used.” p.742.
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From an empirical point of view, we can readily find support for the idea that
shopping patterns are heterogeneous and that this heterogeneity is explained by dif-
ferences in shopping costs. Figure 3.1 displays the distribution of the population
by the average number of different retailers visited within a week. Moreover, we
performed reduced form regressions of the number of different supermarkets visited
in a week (which constitutes an indicator of multistop shopping behavior) on demo-
graphic variables that are proxies for shopping costs (such as income, age, household
size, number of children under 16, etc.) and control for household storage capacity,
among others. We found strong empirical evidence showing that multistop shopping
depends on how busy the household members could be, i.e. how costly it might be
to spend a lot of time in shopping activities.
Figure 3.1 Distribution of household by average number of stores visited in a week, 2005
Notes: The observed distribution has a longer tail than displayed by the graph
as we observe households visiting up to 8 separate retailers per week. However,
99.8% of the observations are concentrated up to 5 stops.
Source: TNS Worldpanel data base.
This paper provides a framework to assess the role of shopping costs in explain-
ing heterogeneous shopping patterns. To do so we develop a structural model in the
spirit of the main theoretical contributions on the topic. Consumer optimal shopping
behavior is given by a threshold strategy where the choice between one- or multistop
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shopping depends on the size of individual shopping costs. We are able to take the
model to data through parametric specifications of consumer utility and shopping
cost along with some distributional assumptions on the unobserved shocks. We use
scanner data on household grocery purchases in France in 2005, which is represen-
tative of French households and contains information on a wide product range and
household demographics. As for grocery stores, an additional data set allows us to
observe store characteristics and location.
By solving the implied optimal stopping problem of a consumer who needs to
decide how many stores to source, we are able to recover the distribution of shopping
costs. We quantify the total shopping cost in 2.28 AC per store sourced on average.
This cost has two components, namely, the mean fixed shopping cost, 2 AC and the
total transport cost of 0.28 AC per trip to a given store. Moreover, we are able
to compute the transport and total costs of shopping by store format. Transport
and total costs of shopping are decreasing in the size of the stores, on average, as
smaller formats are closer to downtowns. The largest total shopping cost, 2.40AC,
are incurred by consumers who source big-box stores, because they are farther away
from downtown. Sourcing a supermarket or a hard-discounter implies total costs of
shopping of 2.21 AC and 2.19 AC per trip, respectively. Finally, the costs of sourcing
a convenience store, 2.05 AC per trip, are the lowest provided that they are located
in downtown. We find that individuals who source three or more stores in a week
have zero shopping costs. This might be an indicator that those households actually
visiting more than two separate stores a week should have a strong preference for
shopping. Finally, the predicted proportions of shoppers by number of stops are
76% of one-stop shoppers, 22% of two-stop shoppers and only 0.02% do three-stop
shopping.
Related literature
The literature including or measuring explicitly consumer-related costs from an
empirical point of view, can be summarized in three categories: i) search cost litera-
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ture,2 ii) switching costs literature,3 and iii) shopping costs literature. In recent years
there has been a considerable number of contributions developing models and em-
pirical strategies that allow to identify search costs —these include Hong and Shum
(2006), Moraga-Gonzalez et al. (2011), Hortaçsu and Syverson (2004), Dubois and
Perrone (2010) and Wildenbeest (2011), and switching costs —these include Dubé
et al. (2010), Handel (2010) and Honka (2012).
Less attention has been put on shopping costs. To the best of our knowledge,
few empirical papers include explicitly shopping costs when it comes to explain time
use or supermarket choice. Brief (1967) models consumer shopping patterns in a
Hotelling framework, and estimates transportation as part of consumers’ shopping
costs.4 His identification strategy consists of using ‘the shopping costs elasticity of
demand’, as he claims these costs are not directly identifiable. Aguiar and Hurst
(2007) evaluate how households substitute time for money by optimally combining
shopping activities with home production. They argue that multistop shoppers exist
because they want to reduce the price paid for a good, which requires more time. As
opposed to them, one-stop shoppers may find it optimal to become frequent customers
of the same store and benefit from sales and discounts. All this implies a cost in terms
of the time needed to carry out the shopping activity, which is accounted for in their
modeling framework.
In the analysis of store choice in the presence of shopping costs, our paper closely
relates to Shciraldi, Seiler and Smith (2011). They evaluate the effects of big-box
retailing on competition, allowing for the fact that customers may do one- or two-stop
shopping. This observed heterogeneity allows them to identify individual shopping
2Both shopping and search costs are often referred to as the opportunity cost of time when people
go search (for search costs)/shopping (for shopping costs). The difference stems from the purpose of the
time spent, whether the consumer ends up buying a product she was looking for or not, and the available
information on prices or product characteristics in different locations (sellers). Search costs appear whenever
consumers face search frictions caused by information asymmetries. Shopping costs account for the real and
opportunity costs related to the shopping activity which may include a previous search if needed.
3As stated by Kemplerer and Padilla (1997), shopping costs differ from switching costs in that the latter
derives from the economies of scale from repeated purchases of a product while the former is associated
with economies of scope from buying related products.
4Brief (1967) claims that the final price paid by a consumer has two components, namely, the “pure”
price of the good and the marginal cost of shopping for it. These shopping costs include both explicit, such
as transportation costs, and implicit, such as the opportunity costs of shopping, which are related to the
“purchaser’s valuation of time and inconvenience associated with the shopping trip.”.
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costs. However, our approach differs from theirs in at least one important way. In
line with previous theory literature, we adopt the view that heterogeneous shopping
patterns stem from differences in shopping costs as a modeling feature. In other
words, in our model the number of stops is endogenously determined by a stopping
rule involving the extra utility and extra costs of sourcing an additional store. This
fact enables us to empirically identify the distribution of shopping costs. In this
sense, our approach is more closely related to the empirical literature on search costs
previously mentioned. In particular, our setup relates to Hortaçsu and Syverson
(2004), and Dubois and Perrone (2010).
The rest of the paper is organized as follows. Section 3.2 presents the data and a
preliminary analysis of consumers’ shopping behavior based on descriptive statistics
and reduced-form regressions. Section 3.3 outlines the structural model of multi-
product demand and consumer shopping behavior in the presence of shopping costs.
Section 3.4 describes our empirical strategy, discusses identification and presents the
estimation procedure. Section 3.5 describes the results. We examine the robustness
of our results in Section 3.6. Finally, Section 3.7 concludes and discusses directions
for further research.
3.2 Grocery retailing, shopping patterns and opportunity
cost of time
This Section aims at giving an overview of the data we use, and a first look at
customers’ shopping behavior.
3.2.1 The data
This paper uses two complementary data sets. Data on household purchases
is obtained from the TNS Worldpanel data base by the TNS-Sofres Institute. It
is homescan data on grocery purchases made by a representative sample of 7,490
households in France during 2005. These data are collected by household mem-
bers themselves with the help of scanning devices. Most households integrating the
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panel were randomly sampled since 1998 (the TNS Worldpanel is a continuous panel
database starting from 1998). Every year, a bunch of new randomly selected house-
holds is added to the panel either to replace other households rarely reporting data
or to increase sample size.
The data set contains information on 352 different grocery products from around
90 grocery stores including hyper- and supermarkets, convenience stores, hard-discounters
and specialized stores. The data is reported at the purchase level, so we observe prod-
uct characteristics such as total quantity, total expenditure, the store where it was
purchased from, brand, etc. In addition, the data include a range of household de-
mographics such as household size, number of children, location, income, number of
cars, internet access, storage capacity, etc.
On the other hand, data on stores’ characteristics is obtained from the Atlas LSA
2005. It includes information by store category (Hyper-, supermarket, convenience
and hard-discount stores) on store location, surface, number of checkouts, parking
spots, etc. In particular, store location is key to our analysis as it will enable us to
identify transportation costs. This will become apparent in Section 3.4.1.
3.2.2 Customer profile
Table 3.1 gives summary statistics for demographic characteristics of french house-
holds observed in the data. The average household in France consists of three mem-
bers, the household’s head age5 being 51 years old, with approximately 2,350 AC of
income per month and at least one car. Only half of the households in the sam-
ple reported having internet access at home which may give a clue on why internet
purchases are not so important in our data set. As for storage capacity and home
production, 79% of the households have storage rooms at home and 69% an inde-
pendent freezer, which may explain low frequency of shopping for some households
or one-stop shopping behavior. In particular, it is remarkable that about 39% re-
ported vegetable production at home, which along with the fact that less than 30%
of the households are located at rural areas, may be an indicator lower frequency of
5By household head we mean the person mainly in charge of the household’s grocery shopping.
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shopping for these households.
Table 3.1 Summary statistics for household characteristics
Variable Mean Median Sd Min Max
Demographics
HH size 2.96 3 1.38 1 9
Income (AC/month) 2,352 2,100 1,106 150 7,000
Children under 15 (prop. of HH) 0.35 0 0.48 0 1
HH head’s age 50.6 49 14.32 22 76
Lives in city 0.73 1 0.44 0 1
Car 1.55 2 0.80 0 8
Home internet access 0.49 0 0.50 0 1
Storage capacity
Independent freezer 0.69 1 0.46 0 1
Freezer capacity > 150L 0.58 1 0.49 0 1
Storage room at home 0.79 1 0.41 0 1
Vegetables production at home 0.39 0 0.49 0 1
Source: TNS Worldpanel data base.
Table 3.2 displays details on consumer shopping patterns. On average, households
tend to favor multistop shopping. The average french household visits two separate
grocery stores in a week and tend to do a single trip per week to the same store. The
average number of days between shopping occasions is 5 days. Notice there is some
heterogeneity here, which is indicated by a standard deviation of 4.7 days: some
households go every day to a grocery store whereas for some others it takes up to
ten days to go back to a store.
Larger store formats are preferred by consumers: on average, the two most fre-
quently visited store formats are Supermarkets and Hypermarkets with 48.4% and
40.5% share on total visits per week. Convenience stores, the small downtown stores
supplying a reduced product range generally at higher prices, get the lowest share of
visits, with 1.9%. Although convenience stores have the advantage of being within
walking distance to households location, as opposed to hypermarket that are located
outside city centers, the preference for larger stores may be explained by several fac-
tors such as bulk shopping, lower prices, sales and promotions (that may be more
intense in larger stores) and a larger product range.
Interestingly, households tend to concentrate purchases of particular product cat-
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Table 3.2 Summary statistics for household shopping patterns
Variable Mean Median Sd Min Max
No. Trips to same grocery store/week 1.37 1 0.72 1 7
No. separate grocery stores visited/week 1.65 1 0.83 1 8
Days between visits 5.09 4 4.73 1 232
Visits by format (% of total/week)
Hypermarket 40.48 32.2 34.4 0 100
Supermarket 48.38 47.6 32.6 0 100
Convenience 1.92 0.0 8.7 0 100
Hard discount 9.22 3.7 11.6 0 50
Source: TNS Worldpanel data base.
egories in the same store format. Table 3.3 gives transition probabilities of visiting
a particular store format this week for dairy products conditional on the store for-
mat sourced the previous week. The probability of keeping the same store format in
most cases is larger than the probability of switching store formats. In particular,
the lowest probabilities of switching are for those households sourcing hyper- and
supermarkets in the past, which is in line with the preference for larger store formats
reported in Table 3.2. Moreover, those households patronizing specialized and other
smaller stores (‘others’) are more likely to switch to a hyper- or a supermarket next
period.
Table 3.3 Transition matrix for purchases of dairy products by store format
Purchase at t
Hyper Super Convenience Hard discount Other
Hyper 0.68 0.16 0.16 0.27 0.28
At Super 0.17 0.67 0.25 0.31 0.37
t+1 Convenience 0.01 0.01 0.46 0.01 0.02
Hard discount 0.12 0.12 0.09 0.38 0.10
Other 0.03 0.04 0.04 0.02 0.23
Age can be seen as a good indicator of the opportunity cost of time. Aguiar and
Hurst (2007) find that older people often pay lower prices because their frequency
of both shop trips and retailers visited increases, presumably due to a lower cost
of time. In our data we found a similar relationship between shopping frequency
indicators and age. Figure 3.1 shows that both the number of trips per store and
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the number of different stores visited a month increase with age. Older people go
shopping more frequently performing more visits to the same retailer as well as more
visits to separate retailers than their younger counterparts. This can be thought
of as older people with higher taste for shopping and quality doing more multistop
shopping in order to get the best products. It might as well be interpreted as a
way to search for the best deals, from an information friction viewpoint. However,
the low shopping costs reasoning seems to be more appealing to us because frequent
shopping allows people to be better informed about prices and promotional activities
without the need to do a search each time they want to go shopping.
Figure 3.1 Frequency of shopping by age ranges, 2005
Notes: Both lines show the results of independent regressions of each variable
(Trips per store and Number of stores visited) on age categories and other
demographic controls (income, hh size, car dummy, storage capacity, etc.).
Results are based on 5 million observations. All estimates are significant at
1% confidence level.
3.2.3 Reduced-form results
Recall that shopping costs are the costs of dealing with a store. This implies that
multistop shopping, i.e. visiting several separate suppliers in a given shopping period,
should be negatively correlated with the consumers’ physical as well as time costs.
Such a correlation will constitute key empirical evidence of the role of shopping costs
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on consumer shopping behavior.
In line with theory, we measure multistop shopping as the number of different
suppliers visited within a week by the consumer. We regress this variable on the
distance from household location to stores and a set of household demographic char-
acteristics which proxy opportunity cost of time, to study the correlation between
shopping costs and multistop shopping behavior. Dummy variables to control for
region fixed-effects are added in all regressions. Supermarket and time dummies are
included gradually in order to assess their effect on the estimates. Further, we add
some controls on household storage capacity that can determine the frequency of
shopping during the week, namely, type of living place (apartment, farm), storage
room, independent freezer, and the size of the largest freezer at home. Table 3.4 gives
the results. Most coefficients are of the expected sign and statistically significant at
1% confidence level.
Results provide us with strong empirical evidence on how households’ ability to
patronize multiple stores depends on how costly it will be in terms of time and dis-
tance. Interestingly, we find that larger households living in urban areas tend to favor
multistop shopping. On the other hand, higher income people as well as households
with babies do less stops on average due, presumably, to a larger opportunity cost of
time. Similarly, internet access reduces the number of stops as people can shop online
and use home delivery services, which might involve savings on transport costs and
time. Growing vegetables at home also reduces the number of stops people want to
make probably due to lesser needs for staples. People living in an apartment tend to
source more stores as compared to those who live in a house. In contrast, those who
live in a larger place, such as a farm, do less stops as compared to families living in a
house. This can be explained by the fact that in general, people living in apartments
are more likely to be located at or closer to downtown than families living in houses
(that tend to be located farther away from city centers) and farms. It might as well
indicate that apartments have lower storage capacity than houses and farms.
As expected, distance to stores is negatively correlated with the number of stores
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visited in a week (see column (1) of Table 3.4). The more distant is the store from
consumer location, the larger the transport costs. Notice that distances were excluded
from specifications displayed in columns (2) and (3) due to the inclusion of store fixed-
effects that are capturing location as a store characteristic that does not vary over
time. Finally, in specification given in column (1) we find a negative correlation with
car ownership, which can be explained by the fact that people with a car can do bulk
shopping at a big-box store, generally located outside downtown areas. However,
this relationship becomes positive and non significant in specifications (2) and (3) as
we introduce store and time dummies.
Table 3.4 Results for number of different stores visited per week
Variable (1) (2) (3)
HH head’s age 0.0025∗∗∗ 0.0032∗∗∗ 0.0032∗∗∗
(0.0000) (0.0000) (0.0000)
Log Income -0.0541∗∗∗ -0.0106∗∗∗ -0.0104∗∗∗
(0.0009) (0.0009) (0.0009)
HH size 0.0781∗∗∗ 0.0691∗∗∗ 0.0692∗∗∗
(0.0004) (0.0004) (0.0004)
Car -0.0177∗∗∗ 0.0030 0.0031
(0.0019) (0.0019) (0.0019)
Lives in city 0.0416∗∗∗ 0.0517∗∗∗ 0.0516∗∗∗
(0.0009) (0.0009) (0.0009)
Lives in an appartment 0.0699∗∗∗ 0.0620∗∗∗ 0.0622∗∗∗
(0.0011) (0.0011) (0.0011)
Lives in a farm -0.1791∗∗∗ -0.1605∗∗∗ -0.1601∗∗∗
(0.0028) (0.0027) (0.0027)
Baby -0.1155∗∗∗ -0.0901∗∗∗ -0.0898∗∗∗
(0.0012) (0.0011) (0.0011)
Home internet access -0.0147∗∗∗ -0.0086∗∗∗ -0.0086∗∗∗
(0.0008) (0.0008) (0.0008)
Grow vegetables home -0.0122∗∗∗ -0.0095∗∗∗ -0.0101∗∗∗
(0.0009) (0.0009) (0.0009)
Distance to store (km) -0.0002∗∗∗
(0.0000)
Constant 1.8866∗∗∗ 1.9142∗∗∗ 1.9153∗∗∗
(0.0073) (0.0075) (0.0080)
HH storage capacity controls Yes Yes Yes
Dummies per region Yes Yes Yes
Store FE Yes Yes
Week FE Yes
R2 0.0249 0.074 0.0764
Notes: Regressions are based on 4.72 million observations. Asymptotically robust
s.e. are reported in parentheses.
∗∗∗ Significant at 0.1%.
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3.3 Consumer shopping behavior with shopping costs
Our general strategy is to identify all parameters of the model and retrieve shop-
ping costs cutoffs by setting out a model of demand for multiple grocery products.
This way, we can avoid any difficulties related to unobserved data on costs and struc-
ture of the supply side.
Our structural model allows for consumer heterogeneity in two dimensions, namely,
in the valuation for a particular product and in shopping costs. To keep exposition
simple and without loss of generality, we present a model of three grocery stores
which will capture the basic intuition of one- and multistop shopping behavior and
the role of shopping costs.
3.3.1 General set-up
Demand for grocery products is characterized by different consumers indexed by
i = {1, . . . , I} with idiosyncratic valuations for grocery products k = 1, . . . , K.6
Although valuations and demands may vary with time, we drop the time subscript
t for the sake of exposition unless it is strictly necessary. A customer i purchasing
product k from store r ∈ {0, . . . , R} derives a net utility vikr.7
Consumers want to purchase bundles of these products. Let B = {1, . . . , RK} be
the set of all possible bundles consisting of combinations of products-stores available
in the market, i.e. our bundles account not only for which product was purchased,
but what supplier it was purchased from as well. A consumer can either concentrate
all her purchases with a single store (one-stop shopping) or buy subsets of prod-
ucts from several separate suppliers (multistop shopping). At the end of the day,
each individual’s shopping behavior will be determined by her idiosyncratic cost of
shopping.
In the formulation of the model, we focus on the fixed component of the total
6Assuming all consumers have access to the same product range might appear strong. However, this
help us reducing dimensionality issues in the estimation part. An extension of the model would relax this
assumption and allow for heterogeneous choice sets.
7For now, we do not specify a functional form for the utility as it is not necessary for setting out the
model. We will assume a parametric specification at the empirical implementation stage in Section 3.4.
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shopping costs that may account for consumers’ taste for shopping. From now on,
we will refer to this fixed cost as “shopping costs” and denote it si. Physical trans-
port costs, which are an important component of the total cost of shopping, will be
accounted for in the empirical implementation of the model by including distances
to stores in the utility specification (see Section 3.4).8 Accordingly, shopping costs
are assumed to be independent of store characteristics (size, facilities, location, etc.)
and time invariant. Furthermore, we assume si is a random draw from a continuous
distribution function G(·) and positive density g(·) everywhere.
Finally, we suppose consumers are well informed about prices and product char-
acteristics. Therefore, we assume away information frictions and so consumers’ need
for searching activities to gather information about prices, qualities and the like.9
A consumer i is supposed to have an optimal shopping behavior. This implies she
should optimally make a decision that involves choosing between being a one-stop or
a multistop shopper and where to go and buy each of the K products of his desired
bundle b.
Suppose there are three grocery stores in the market indexed by r ∈ {A,B,C}.
A consumer will favor multistop shopping if her shopping costs are small enough,
otherwise she will optimally concentrate all her purchases with a single store. Roughly
speaking, the choice set of consumer i will be restricted by the number of separate
stores she can source given her shopping costs, so that her choice will consist of
picking the mix of products-stores that maximize the overall value of the desired
bundle. In this sense, a three-stop shopper who can visit all three stores will pick
the best product from the three alternatives in the market within each category. A
two-stop shopper will pick the mix of two stores maximizing the utility of the desired
bundle from all the combinations of products-stores possible. Her final bundle will
consist of two sub-bundles each containing the best product out of two alternatives
8Due to some data limitations, we can only compute distances from the zip code of a given household
to the zip code of a given store. Consequently, transport costs will be the same for all individuals living in
the same zip code area. See Section 3.4.1 for further details.
9This might seem a strong assumption, even though we believe frequent grocery shopping make better
informed households and reduce the need to engage in costly search. A more general set up would allow for
positive search costs. However, this is out of the scope of this paper and we leave it for future research.
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in each product category. Finally, a one-stop shopper will pick the store offering the
largest overall value of the whole bundle of products.
Formally, let Dir, for all r ∈ {A,B,C} denote the distance traveled by a consumer
i from his household location to store r′s location, and γ a parameter that captures
consumer’s valuation of the physical and perceived costs of traveling that distance.
Define the utility net of transport costs, of a shopper that can only source one of the












































Notice that expressions in (3.1), (3.2), and (3.3) are particular cases of a more
general utility function in which, conditional on shopping costs, a n-stop shopper is
picking the subset of stores that maximize the overall utility of the desired bundle. For
a one-stop shopper, these subsets are singletons, for a two-stop shopper they contain
two elements and for a three-stop shopper each subset of stores contains exactly the
number of stores in the market, which is why she does not need to maximize over
mixes of suppliers.10
Suppose v1i − si > 0 so that all consumers will go shopping at least once. To
10The general expression of the utility and choice of a n-stop shopper are described in Appendix 3.A.
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determine the number of stops to be made, consumer i will compare the extra utility
of doing n-stop shopping with the extra costs, taking into account that the total cost
of shopping increases with the number of different stores visited. A consumer will
optimally decide to do three-stop shopping only if the net utility of visiting three
separate stores is larger than what she could obtain by doing either one- or two-stop
shopping instead. Formally,
v3i − 3si > max{v
2
i − 2si, v
1
i − si}




i be the incremental utility of visiting three stores rather than




i be the extra utility of deciding to source either one or three








A consumer will optimally decide to do two-stop shopping if and only if
v2i − 2si > max{v
1
i − si, v
3
i − 3si}




i be the incremental utility of sourcing two stores rather
than one. Hence, a consumer i will do two-stop shopping as long as
δ3i < si 6 δ
2
i (3.5)
Finally, a consumer will optimally decide to do one-stop shopping if and only if
v1i − si > max{v
2
i − 2si, v
3
i − 3si}
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In general, the optimal shopping rule for consumer i indicates that she will choose
the mix of suppliers to maximize her utility, conditional on the extra shopping cost
being at most the extra utility obtained from sourcing additional stores. Equations
(3.4), (3.5) and (3.6) suggest we can derive critical cutoff points of the distribution of









< δ2i , (3.7)
Under this ordering, the highest possible shopping costs of any consumer able to
do multistop shopping at either two or three stores in equilibrium are given respec-
tively by the following critical cutoff points:
s2it = δ
2
it, for two-stop shopping, and (3.8)
s3it = δ
3
it, for three-stop shopping.
Notice that these cutoff points depend on the period of purchase —the subscript
t was added— because it depends on utilities that may vary across periods. This
contrast with individual shopping costs which are assumed to be time invariant.
Cutoffs in (3.8) say that for given shopping costs, consumers only care about marginal
extra utility of visiting an additional store to make their final decision on how many
stores they should optimally source. Moreover, one-, two- and three-stop shopping
patterns arise and will be defined over all the support of G(·) –see Figure 3.1.12
3.3.2 Aggregate demand
Let B2i,B3i ∈ Bi be subsets of bundles involving two- and three-stop shopping,
respectively. Recall our previous assumption v1it − si > 0 for all i = 1, . . . , I, which
means that all consumers will do at least one shopping trip per week. This implies
11We explain why this is so in Appendix 3.B.
12Notice that the kind of behavior according to which a shopper evaluates extreme choices such as visiting
all retailers against only one does not appear to be relevant here.
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that the outside option is chosen with probability zero, i.e. G(v1it) = 1. The intuition
behind this is as follows: a likely outside alternative to grocery shopping is home
production, which consists of households transforming time and market goods into
consumption products according to a given home production function (see Aguiar
and Hurst, 2007). Yet, even if the household chooses to produce at home most of its
preferred products, there is still a bunch of them that will be too costly to produce
compared to the retail price (e.g. toothpaste, toothbrush, cleaning products, bulbs,
medicines, etc.). Then, we can think of household members going from time to time
to a store to get the set of products they are not able to produce at home (or even
the inputs to produce at home the final products they wish to consume).13



















{b ∈ B2i | kr ∈ b}






{b ∈ B3i | kr ∈ b}
P 3it(XBi ; θ),
(3.9)
where P 3it is the probability that a one-stop shopper decides to stop at r, P
2
it is
the probability that a two-stop shopper chooses to source retailer r as one of the
two retailers she will optimally stop at, and P 3it is the probability that a three-stop
shopper decides to pick a bundle b including product kr. All these probabilities are
known by consumers.
13The outside option might as well be thought of as not shopping on a weekly basis (for instance, going
once a month or every other month). However, in our data the proportion of households not purchasing on
a weekly basis corresponds to 8%.
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, for all h ∈ {A,B,C}. It is important to note that a price change
may affect not only the market shares per type of shopper but also the shopping costs
cutoff values provided they depend on utilities. As a consequence, the distribution
of shoppers between one-, two- and multistop shopping changes. In fact, an increase
in product k’s price at retailer r reduces the indirect utility of consumer i making a
stop at r. She may therefore consider to make less stops and purchase a substitute
for this product from rival retailer, say h, as the extra gain in utility from sourcing
an additional store may not compensate the extra shopping cost.
3.4 Empirical implementation
As described in Section 3.3, consumer choice set consists of bundles of products
that can be purchased from one or several stores. Accordingly, if we consider R
stores and K products, we would have to deal with a choice set of RK alternative
bundles for each individual, which grows exponentially as R or K increases, resulting
in a dimensionality problem which will make estimation challenging and burdensome,
whereas it might not change the results in an important way. We circumvent this
problem by restricting attention to a reduced set of products and grocery stores.
We select yoghurt, biscuits and fresh desserts as the products to be included in our
analysis, provided that they meet the following conditions. First, they are staples
and so they are frequently purchased and heavily consumed by french households (see
Table 3.1). Second, they belong to different categories of products, which ensures we
can observe enough variation in shopping patterns as people may tend to concentrate
purchases of the same category in a particular store but might want to diversify across
categories. Finally, these products are likely to be of unit demand, i.e., consumers
tend to consume one serving of the product at a time and to not mix varieties (see
Table 3.1 for details on how we define servings).
Concerning grocery stores, we restrict attention to the two leading supermarket
chains in France selected according to their national market share in 2005. The
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Table 3.1 Chacteristics of the selected producs
Serving Consumers Position among Days between
Product (in grams) (% of pop.)a 352 prods.b purchase
Yoghurt 125 90.7 2 8
Fresh desserts 80 76 3 10
Sugary biscuits 30 57 4 10
Notes: a étude Inca (Afssa) 2006-2007 by Agence Française de Securité Sanitaire des Aliments. Yoghurt appear
in the Inca study as part of broader categories including similar products, namely, "Ultra-fresh dairy", respectively.
Percentages of consumption correspond to consumption of all products in the categories.
b These are the positions of the considered products in a ranking of the 352 observed products in our data set,
TNS Worldpanel 2005 by frequency of purchase.
remaining grocery stores observed in our data are treated as part of a composite
store which sells the three products we referred to above and constitute an outside
option to the two leading chains. In other words, consumers have three alternative
stores in their choice set: two insiders and an outside option. This will be enough
to describe one- and multistop shopping behavior and to estimate shopping costs
cutoffs.
Notice that a bundle can consist partially or fully of products purchased from the
outside retailer. Consider, for example, the case of three stores {A, B, O} supplying
three products k = 1, 2, 3. Let two bundles be b = {1A, 2B, 3O} and b′ = {1O, 2O, 3O}.
The former will be the choice of a three-stop shopper purchasing product 1 from store
A, product 2 from B and product 3 from the outside store O, whereas the latter
corresponds to the choice of a one-stop shopper purchasing all products from the
outside store. We call the latter bundle the outside good or the zero bundle, b = 0.
We empirically specify the utility of consumer i from purchasing good k from











−αpkrt +Xkrβ + ξt + ǫikrt, if r = {A,B}
ǫikOt, if r = O
(3.10)
where, pkrt is the price of good k at store r, Xkr are product-store observed char-
acteristics, ξt are time fixed effects, ǫikrt is an idiosyncratic shock to utility, which
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rationalizes all remaining week-to-week individual variation in choices, and α and
β are parameters common to all individuals. We normalize the mean utility of the
product varieties supplied by outside store to zero.14 15
Notice that equations (3.1) through (3.3) along with equation (3.10) fully specify
the utilities of one and multi-stop shoppers as a function of price of the product,
product characteristics, and distance to the stores, among others. Put it that way, our
utility accounts for both vertical and horizontal dimensions of consumers’ valuations
for products. The former is captured by included product-store characteristics. The
horizontal differentiation aspect is captured by distances which vary across postal
codes.16
Further, we assume that individual shopping costs are a parametric function of
a common shopping cost across all consumers ς, which can be thought of as the
minimum cost every consumer bears due to the need of going shopping, and an in-
dividual deviation from this mean ηi, which rationalizes the individual heterogeneity
in shopping costs, this yields
si = ς + ηi (3.11)
we assume ηi ∼ N (0, σ2), where σ is the standard deviation.
Remark that even though the choice set for all consumers is the same (i.e. all
products from all retailers are available for purchase), consumers with large shopping
costs visiting an inferior number of retailers than there is in the market are not able
to choose the first best option from each product category. Therefore, shopping costs
limit the set of alternatives available for one- and two-stop shoppers. Under our
14As consumers in our dataset are likely to purchase more than the three goods that we consider,
robustness checks are made on the following section.
15To fix ideas, let’s assume that only purchases of yoghurt and desserts are observable to the econo-
metrician. When a consumer is observed to have purchased yoghurt and dessert at retailer 1, it may be
possible that she purchased only those goods or that she purchased pastry in retailer 2 along with the two
inside goods considered. What the econometrician observes is that the maximum utility of bundles that
contains yoghurt and dessert retailer 1 is greater than the maximum utility of bundles that contain any
other combination of observed goods. As the number of observed visited retailers is always (weakly) smaller
than the total number of visited retailers, shopping cost will be overestimated.
16If several goods are purchased at the same retailer, the distance to it will only be counted once; the
distance will be divided evenly across goods purchased from the same retailer.
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setup, this can be thought of as the result of a constrained maximization processes
rather than suboptimal choices or mistakes.
3.4.1 Identification
Equation (3.8) show that we can identify critical cutoff points of the distribution
of shopping costs if we are able to both observe the optimal shopping patterns of
one-stop and multistop shoppers and identify the parameters of the per product
utilities involved in the computation of the nth cutoff point. In other words, for each
individual we need to identify the utility of her actual choice, say two-stop shopping,
and the utility she would have derived had she chosen one-stop shopping instead. To
do this, we exploit the panel structure of our data. Additionally, we have enough
cross-section and panel variation in choices of products and stores, which allows us
to identify the utility parameters. In particular, the price coefficient is separately
identified from the mean utility from choice data alone due to the observed variation
in prices per product. The predicted probabilities will vary due to this variation in
prices, which generates enough moments for identification.
On the other hand, (fixed) shopping costs and shopping costs cut-offs are identified
from the observed week-to-week variation in shopping patterns, i.e. a household
making one-stop shopping this week might be doing multistop shopping next week,
meaning that a given household can be more or less time constrained in different
weeks. A key point in the identification of fixed shopping costs is the inclusion
of other sources of shopping costs that may vary across retailers and periods. An
important component in this class of costs is transport costs. Following Dubois and
Jódar-Rosell (2010), we empirically identify transport costs by including distances
from households’ locations designated by postal codes. All households located at a
same postal code will have the same distance to retailers nearby.17 The inclusion of
distances to stores will be useful for two purposes: they will capture the horizontal
dimension of consumers’ preferences for product characteristics and, on the other
17Due to data limitations, we do not observe the exact locations of neither households nor retailers but
postal codes only. As a consequence, we are not able to compute exact distances.
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hand, will allow as to identify the dis-utility of transport. By adding this information
to the model along with the unit demand assumption, the remaining variation in
shopping costs across consumers can be interpreted as a pure idiosyncratic shopping
cost that is constant across stores, consistent with our set up.
Finally, the identification of aggregate demand requires the computation of the
mass of one-, two- and three-stop shoppers, which in equation (3.9) are defined as
the differences of the distribution of shopping costs G(·) evaluated at two different
cutoff values. Given our setup, we are able to compute those values from the empirical
distribution of customers between one-, two- and three-stop shopping that we observe
in our data.
3.4.2 Estimation
In this section we present details on how we estimate the utility parameters, and
the mean and cutoff values of the distribution of shopping costs. We estimate the
parameters of the model presented in the previous section using the data described
in Section 3.2. Consistent with this reduced product set and the assumptions of the
model described in Section 3.3, the final sample we use consists of local areas where
we observe one-, two- and three-stop shopping behavior and households purchasing
at least one unit of each product considered here (see Appendix 3.C for further details
on how we define units and how we deal with these three goods in a discrete choice
context).18
The key point of our estimation strategy is to exploit population moment con-
ditions and estimate the parameters of the model by the method of moments for
reasons that will become clear below. Therefore, we need to express our discrete
choice problem as moments and match population moments with empirical moments
in the data. Recall the choice problem we are analysing. A consumer who wish to buy
a set of products K, faces a set B of mutually exclusive and exhaustive alternatives
consisting of combinations of products and retailers available in the market. She will
purchase the K products from n ∈ {1, 2, 3} stores, call it bundle b ∈ B = {1, . . . , 27},
18We relax this assumption on the following section
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such that she can obtain the highest utility net of shopping costs. This maximizing
behavior defines the set of unobservables leading to the choice of bundle b as
Aibt(XB; θ) = {(ǫit, ηi)|v
n
ibt − nsi > v
m
ib′t −msi ∀m ∈ {1, 2, 3}, b
′ ∈ B}
where XB is a matrix of characteristics of all alternatives including prices. The
response probability of alternative b as a function of characteristics of products and




dF (ǫ)dF (η) (3.12)
A natural way to estimate the parameters of the model seem to be the maximiza-
tion of the log-likelihood function
L(XB, d, θ) =
∑
i,b,t
✶ibt logPB(b|XB; θ) (3.13)
However, given the functional form of the utilities specified in equations (3.1)
through (3.3), maximum likelihood estimation turns out to be extremely difficult to
implement as the likelihood of the problem is very nonlinear in the utility shocks.
There are two solutions to overcome this problem: (1) assuming that utility bun-
dle shocks follow an extreme error distribution; (2) using the Method of Simulated
Moments (MSM) introduced by McFadden (1989) and Pakes and Pollard (1989).
Simulated Maximum Likelihood (SML) was first introduced by Lerman and Man-
ski (1981). This strategy requires the number of simulation draws, S, to approach
infinity with
√
S/I = O(1). The SML estimator is:



















The Method of Simulated Moments’ main advantage is that it is consistent for a
fixed number of simulation draws, as I goes to infinity. Let dibt = ✶{vnibt − nsi > v
m
ib′t −msi}
be an indicator function taking on 1 when bundle b ∈ B implying n number of stops
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is chosen by consumer i and zero otherwise. This information is observed in the data
for each consumer i every week. The expected value of dibt conditional on a set of
measured characteristics XB writes as
E[dibt|XB, θ] = PB(dibt = 1|XB; θ) (3.14)
To simulate P (·), we proceed as follows:
1. We build the whole choice set consumers face independently of their shopping
costs. This is, we construct bundles as all possible combinations of three re-
tailers and three goods. As a whole, we obtain a choice set of 27 bundles that
account for all possible shopping patterns.
2. We assume the shock to utility ǫikrt is distributed i.i.d. type one extreme value
and take S random draws ǫsikrt∀s = 1, . . . , S per individual, product, retailer
and week. Similarly, we assume the shopping costs shock ηi is distributed i.i.d.
standard normal and take S random draws ηsi ∀s = 1, . . . , S per individual.
Consistent with our assumption of constant shopping costs, we replicate this
draws for all retailers and periods whenever we observe purchases by consumer
i.
3. Using a vector of initial parameter values, θ0 = (α0, β0, γ0, ς0) randomly drawn
from a normal distribution, along with drawn shocks (ǫsikrt, η
s
i ) we are able to
compute utilities for all product-retailer choices and consumers, as well as shop-
ping costs to simulate the consumer choice problem described in our modeling
framework for each s = 1, . . . , S.
4. From these simulations, we observe what bundle (stores-products combination)
maximizes the utility net of shopping costs of each individual in a given week
and form an indicator variable for the implied choices, which we denote dsibt∀ b ∈
B, s = 1, . . . , S.
5. Finally, we approximate the choice probability as
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Plugging the simulated statistics into (3.14), rearranging and introducing instru-
ments that may be functions of XB (we defer to the next subsection the discussion


























We estimate the parameters of the model by making the sum of the squares of












Q(wi, XB, dit, θ)
]
,
where Q(·) = [w1i (di1t − P̌s(di1t = 1|XB, θ)) , . . . , wNi (di27t − P̌s(di27t = 1|XB, θ))]
′.
The Method of Simulated Moments (MSM) estimator is then given by
θ̂MSM = arg min
θ
[d− P (θ)]′W ′W [d− P (θ)],
where W = [w1, ..., wI ] is a N × I matrix of instruments.
Given the way simulated probabilities are computed in (3.15), they are not con-
tinuous in θ. It implies that the objective function previously described, which is
a sum of simulated probabilities, is not continuous either. As a consequence, an-
alytical methods cannot be used in the optimization process nor standard optimal
instruments (which are derivatives of the simulated probabilities evaluated at a con-
sistent estimator of the true parameters) nor the computation of standard errors
(which require the use, among other things, of the first derivative of the GMM objec-
tive function). These discontinuities do not jeopardize the consistency of simulation
estimators. Pakes and Pollard (1989) derive asymptotic properties for a broad class
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of simulation estimators (including McFadden’s MSM) that cover cases where the
objective function is discontinuous in the parameters. In practice, to circumvent the
discontinuity problem we use a numerical search (‘Pattern search’) method in the op-
timization process. As for the computation of standard errors, we apply parametric
bootstrap methods.
3.5 Results
Table 3.1 displays SML estimates of the utility parameters, according to four
specifications.19 An observation in the estimation is a household-bundle-week, where
bundles are defined in the previous section and the products within the bundle are
described in table 3.1. The dependent variable in all regressions is a binary variable
equal to one if the actual purchase choice of the household corresponds and zero
otherwise. We include time, product and retailer fixed effects, as well as interactions
between our shopping cost proxy and household demographics.
The first column corresponds to the simplest model including the main covariates
and controlling for product, retailer and time fixed-effects. The second column shows
the results of a specification including shopping costs unobserved heterogeneity. The
third column show results of a specification allowing for observed heterogeneity, while
the fourth column controls for observed and unobserved heterogeneity. Most coef-
ficients are significant, and results are as expected: demands are downward sloping
and the estimate for the distance shows that the value of a product decreases as the
retailer is farther away from customer’s dwelling. The estimate for mean shopping
costs is positive (as expected) and significant in both regressions.
We are able to learn about how the shopping distribution behaves with household
observed and unobserved heterogeneity. Results are as expected. We find that con-
sumers with a higher income have higher shopping costs, while households with more
members or where the household head is older have lower shopping costs. Having
a car has no significant effect on shopping costs. When we allow for observed and
19We decided to use results from SML as they took 40 to 50 times less time than those from MSM and
the estimates do not change much.
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unobserved heterogeneity, we find substantial unobserved heterogeneity and we also
find that most effects from the observed heterogeneity disappear. Only the number
of persons in the household has a negative and significant effect on shopping costs.
Table 3.1 Estimates for the utility parameters and shopping costsa
(1) (2) (3) (4)
Distance (km) -0.0795*** -0.0870*** -0.0817*** -0.0890***
(0.00708) (0.0247) (0.00710) (0.0247)
Price (AC/basketb) -1.208*** -1.205*** -1.208*** -1.208***
(0.125) (0.295) (0.125) (0.297)
Shopping costs (SC) 2.484*** 3.466*** 1.958*** 2.759***
(0.0661) (0.109) (0.395) (0.922)
SC x log Income 0.193*** 0.160
(0.0501) (0.124)
SC x Head age HH -0.00779*** -0.00207
(0.00197) (0.00420)
SC x Car 0.0278 0.0285
(0.102) (0.220)




Constant 0.00916 0.357** 0.0190 0.363**
(0.105) (0.172) (0.105) (0.173)
Observations 651,510 651,510 645,867 645,867
Time FE YES YES YES YES
Product FE YES YES YES YES
Retailer FE YES YES YES YES
Notes: HH stands for household. aRobust standard errors are in parenthesis. b A
basket contains a serving of each of the considered products: a dessert (80g), a biscuit
(30g) and one yogurt (125g).
*,**,*** are significant at 10, 5 and 1% confidence levels.
Table 3.2 displays the estimates for the mean shopping cost and the distance in
euros. It also shows the values in euros of the average cutoffs of the distribution
of shopping costs in euros, calculated following equation (3.8) and using predicted
utilities. In order to translate these values into euros, we divided each of them by
the absolute value of the estimated price coefficient. The estimate for the distance,
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obtained in principle as the disutility of transport, is reinterpreted here as a cost.
To do this, we took the absolute value of the original estimate and divide it by the
absolute value of the price coefficient.
In line with this, the average fixed cost of shopping is 2.28 AC per trip. In addition,
visiting a grocery store implies a cost of 0.07 AC per km, for the average consumer. The
distance between the median consumer’s dwelling to a store is 4 km, which multiplied
by the transport cost per km gives a total transport cost of 0.28 AC. Summing up
with the mean shopping cost per trip, gives an average total cost of shopping of 2.56
AC per retailer sourced (see Table 3.3).
As for shopping costs cutoffs, our results indicate that consumers should have
almost-zero shopping costs to be able to source more than two retailers in a week.
This rationalizes the small proportion of three-stop shoppers observed in our data.
Notice that the threshold of three-stop shopping, s3, in column (2) of Table 3.2 is
negative. As stated previously, shopping costs may account for consumer’s taste for
shopping. In line with this, a shopper having a negative shopping cost means that
she has a stronger taste for shopping, so that using multiple suppliers makes her total
cost of the shopping experience lower than it would be had she decided to concentrate
purchases with a single supplier.
One-stop shoppers are all those having shopping costs beyond 0.90 AC, per trip.
A former one-stop shopper will find it optimal to source an additional retailer if
her shopping costs were slightly lower than 0.90 AC, yet sourcing a third retailer
may require a large decrease in shopping costs, such as having more time available
or enjoying a lot multi-stop shopping in a given week. The estimates allow us to
retrieve the predicted proportion of shoppers by number of stops: 76% are one-stop
shoppers, 22% are two-stop shoppers and only 2% do three-stop shopping.
Table 3.3 gives total transport costs and total cost of shopping (transport plus
fixed shopping costs) by store format. The median distance to a big-box store (or
hypermarket) is 5.4 km, which multiplied by the transport costs per km gives a total
transport cost of 0.40 AC, and by adding the mean shopping cost of 2 AC per trip to a
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Table 3.2 Mean shopping costs, mean distance and average shopping costs cutoff (across
periods and consumers) in eurosa b
(1) (2) (3) (4)
Total Shopping costs
Mean shopping cost (AC) 2.06 2.88 1.62 2.28
Mean transport cost (AC /km) 0.07 0.07 0.07 0.07
Average shopping costs cut-offs (AC)
One-two stops 0.86 0.88
Two-three stops -1.21 -1.24
Predicted distribution of shoppers (% of total)
One-stop shoppers 0.78 0.77 0.75 0.76
Two-stop shoppers 0.2 0.21 0.22 0.22
Three-stop shoppers 0.02 0.02 0.03 0.02
Notes: a To transform estimates into euros, we divide each coefficient by the absolute value
of the price coefficient.
b To interpret the coefficient for distance as a transport cost, we take the absolute value of
the original estimate presented in Table 3.1. It is negative in principle because it enters an
utility function, expressing therefore a disutility of transportation.
store, gives a total cost of shopping of 2.40 AC the average consumer bears each time he
visits a large store. Transport and total costs are decreasing in the size of the stores,
on average, as smaller formats are closer to downtown. Sourcing a supermarket or
a hard-discounter implies transport costs of 0.21 AC and 0.19 AC per trip, and total
costs of shopping of 2.21 AC and 2.19 AC per trip, respectively. Finally, the costs of
sourcing a convenience store are the lowest provided that they are located downtown:
the median distance to a convenience is 0.8 km, the transport costs are 0.05 AC and
the total costs of shopping are 2.05 AC per trip.
In Table 3.4, we present own- and cross-price elasticities from the SML estima-
tion.20 As expected, we obtain negative own-price elasticities and positive cross-price
elasticities for the same product category across retailers. This indicates that, on av-
erage, consumers may switch retailers when the price of the desired product increases
20In the case of the MSM, due to the discontinuity of the predicted choice probabilities described in
the estimation section, we cannot compute the derivatives of the demand functions with respect to price
analytically. To overcome this problem, we simulated a price increase of 20% for one product at a time,
recomputed the utilities for each product and each individual, and retrieved predicted choice probabilities
again, to finally get new demands. We take the difference between the demand after the price increase and
the baseline demand, and divide it by the price change. Following the standard formula, we then obtain
price elasticities of demand as the product of the numerical derivative and the original price, divided by the
baseline quantity.
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Table 3.3 Transport costs and total shopping costs (fixed plus transport), by store format
(averages across periods and consumers) in eurosa
Store Median Distance Transport Total costs of
format (km)a costs (AC)b shopping (AC) c
Hypermarket 5.4 0.40 2.40
Supermarket 3.0 0.21 2.21
Hard discounter 2.8 0.19 2.19
Convenience 0.8 0.05 2.05
Overall average 4.0 0.28 2.28
Notes: a We use the median of the distance and not the mean, to avoid the effects of
outliers.
b Computed as the mean transport cost, 0.07 AC/km given in column (2) of Table 3.2,
times the median distance.
c Computed as the sum of Transport costs plus the mean shopping cost of 2AC per trip,
in column (2) of Table 3.2.
in their patronized retailers. Interestingly, intra-store cross-price elasticities are neg-
ative. This means that a price increase in a particular product causes a drop in
demand for all other products the consumer intends to purchase. This complemen-
tarity effect might be driven by the larger mass of one-stop shoppers. For given prices
of the products, a one-stop shopper should pick the retailer in which she derives the
maximum value of the desired bundle. If the price of a product category raises in
the chosen retailer, the shopper would need to source a competing retailer due to the
impossibility of sourcing two or more.
Table 3.4 Mean elasticities (across periods and consumers)
Changing Retailer 1 Retailer 2 Outside Retailer
price Yog. Dess. S.Snack Yog. Dess. S.Snack Yog. Dess. S.Snack
Retailer 1
Yogurt -2.73 -0.24 -0.05 0.06 0.08 0.02 0.17 0.26 0.05
Dessert -0.15 -4.67 -0.05 0.04 0.09 0.02 0.15 0.3 0.05
S.Snack -0.15 -0.24 -0.99 0.04 0.07 0.02 0.15 0.26 0.06
Retailer 2
Yoghurt 0.04 0.04 0.01 -2.96 -0.26 -0.06 0.18 0.28 0.06
Dessert 0.02 0.06 0.01 -0.17 -4.93 -0.06 0.17 0.31 0.06
S.Snack 0.02 0.04 0.01 -0.17 -0.27 -1.11 0.17 0.28 0.07
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3.6 Robustness checks
A first concern when using simulated methods is whether the results are sensitive
to changes in starting values. To be sure that our estimates were robust to changes
in the vector of initial parameters, θ0, we performed the whole estimation process
described in Subsection 3.4.2 using ten different sets of pseudorandom draws from
a normal, as starting values. We obtained similar estimates at each iteration which
may as well be interpreted as an indicator of convergence. The final results, which
are shown in Table 3.1 are those corresponding to the minimum value of the objective
function out of ten available.
We also conducted a sample selection check. The final sample used for the esti-
mates presented previously was selected by restricting attention to those households
purchasing the three products considered here in a given week, consistent with our
assumption of inelastic demand for a unit of each product. We therefore dropped
households not fulfilling this condition. To find out if our results are robust, we use
an alternative sample of products and choices.
Table 3.1 reports results on several robustness checks. The dependent variable in
all regressions is a binary variable equal to one if the actual purchase choice of the
household corresponds and zero otherwise. We include time, product and retailer
fixed effects, as well as interactions between our shopping cost proxy and household
demographics. The type of goods and the number of bundles considered in the choice
set of individuals varies from each specification. Columns (1) to (4) consider bundles
from different combination of products (i.e. yoghurt, dessert sugary snacks, bread,
cereals) but we restrict to observations where consumers purchased at least on unit
of each. Column (1) corresponds to our results from the main estimation and it is
used as a comparison. Beside the coefficient on distance, which is not significant on
columns (2) to (4), the results are robust to the type of products chosen.
Column (5) reports on results were we allow for the purchase of bundles that
contain only one, two goods or three goods. This is, we relax the selection criteria
imposed until now were we selected households that only purchased the three goods.
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The number of observations in our sample increases significantly, but the estimated
coefficients are robust to the change in the choice set.
Finally, we allow for purchases of other goods besides the three categories included
so far. This is, we allow for a fourth good (composite good containing all other goods)
to be purchased. The price of the fourth good is constructed using a composite
retail price index following Dubois & Jódar-Rosell (2010).21 Notice that the fourth
good can be purchased in every retailer. Due to the size of the unrestricted sample
generated by the new restrictions, the estimation was performed on a random sub-set
of 66 bundles. Column’s (6) price and shopping costs coefficients are smaller than in
specification (1). The ratio, however, remains relatively constant. In this sense, the
results do not seem to be driven by sample selection.
3.7 Concluding remarks
Theory has shown that in the presence of shopping costs, i.e. real or perceived
costs of dealing with a supplier, policy conclusions might change dramatically. In
particular, some pro-competitive practices, such as head-to-head competition with
homogeneous product lines (Klemperer, 1992) or the introduction of a new product
variety (Klemperer and Padilla, 1997), can hurt consumers and motivate policy in-
tervention. On the other hand, some seemingly anti-competitive practices, such as
below-cost pricing, can be welfare enhancing and should not be banned (Chen and
Rey, 2013).
From an empirical point of view, this motivates many important questions that
remain unanswered. First, is it possible to quantify shopping costs from consumers’
observed shopping behaviour? Second, will accounting for shopping costs in an em-
pirical model of multiproduct demand lead to a better understanding of consumer
heterogeneity in shopping patterns? Finally, to what extent the inclusion of shopping
costs would be crucial for policy analysis? This paper presents and then estimates
a model of multiproduct demand for groceries in which customers, that differ in
21Appendix 3.D gives a detailed explanation on how we construct the index.
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Table 3.1 Results based on alternative samples
(1) (2) (3) (4) (5) (6)
Distance (km) -0.0870*** -0.0380 0.0823 0.0396 -0.0589*** -0.0572***
(0.0247) (0.0358) (0.0609) (0.0709) (0.0116) (0.0122)
Price (euros) -1.205*** -1.311*** -1.600* -1.982*** -1.388*** -0.767***
(0.295) (0.348) (0.852) (0.663) (0.215) (0.0727)
Shopping costs (SC) -3.466*** -3.610*** -3.513*** -3.699*** -3.277*** -1.776***
(0.109) (0.159) (0.213) (0.216) (0.0806) (0.0612)
Sigma 1.765*** 1.843*** 1.820*** 1.784*** 1.804*** 2.242***
(0.0500) (0.0765) (0.155) (0.149) (0.0649) (0.0523)
Constant 0.357** 0.456* 0.205 0.771** -1.769*** -1.276***
(0.172) (0.242) (0.325) (0.337) (0.144) (0.148)
Observations 651,510 221,967 103,869 135,000 7,380,816 4,837,666
Bundles 27 27 27 27 57 66
Time FE YES YES YES YES YES YES
Product FE YES YES YES YES YES YES
Retailer FE YES YES YES YES YES YES
Products included:
Yogurt YES YES YES YES
Dessert YES YES YES YES
Sugary snacks YES YES YES YES YES
Bread YES YES YES
Cereals YES YES
Retailer index YES
Notes: The dependent variable in all regressions is a binary variable equal to one if the actual purchase
choice of the household corresponds and zero otherwise. Columns (1) to (4) consider bundles from different
combination of products but we restrict to observations where consumers purchased at least on unit of each.
Column (5) reports on results were we allow for the purchase of bundles that contain only one, two goods
or three goods. Column (6) allows for a fourth good (composite good containing all other goods) to be
purchased. The price of the fourth good is constructed using a composite retail price index following Dubois
& Jódar-Rosell (2010).
*,**,*** are significant at 10, 5 and 1% confidence levels.
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shopping costs, can choose between sourcing one or multiple retailers in the same
shopping period. This framework allows us to retrieve the distribution of shopping
costs.
We quantify the total shopping cost in 2.28 AC per store sourced on average. This
cost has two components, namely, the mean fixed shopping cost, 2 AC and the total
transport cost of 0.28 AC per trip to a given store. Moreover, we are able to compute
the transport and total costs of shopping by store format. Transport and total costs
of shopping are increasing in the size of the stores, on average, as smaller formats
are closer to downtowns. The largest total shopping costs, 2.40 AC, are incurred by
consumers who source big-box stores, because they are farther away from downtown.
Sourcing a supermarket or a hard-discounter implies total costs of shopping of 2.21
AC and 2.19 AC per trip, respectively. Finally, the costs of sourcing a convenience
store, 2.05 AC per trip, are the lowest provided they are located in downtown. We
find that individuals who source more than two suppliers in a week have negative
shopping costs. This rationalizes the low proportion of individuals making three and
more stops in the same week observed in the data. This might be an indicator that
those households actually visiting more than two separate stores a week should have
a strong preference for shopping. In fact, the predicted proportions of shoppers by
number of stops are 76% of one-stop shoppers, 22% of two-stop shoppers and only
0.02% do three-stop shopping.
There are several avenues for further research that can be empirically addressed
using our framework. A first avenue is related to below-cost pricing. According to the
OECD (2005), laws preventing resale below-cost (RBC) and claiming to protect high-
price, low-volume stores from large competitors who can afford lower prices might
be introducing unnecessary constraints. Evidence from countries without RBC laws
shows that smaller competitors need not be pushed out of the market if they are not
protected. Chen and Rey (2012, 2013) show that in the presence of shopping costs,
loss-leading strategies and cross subsidies are not predatory, and the latter might
even be welfare enhancing. Empirical evidence showing what would happen if RBC
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laws are eliminated would help in this debate.
A second avenue concerns the implications of product delisting. In recent years,
a considerably concentrated retail sector has brought the attention on the possible
consequences of retailer buyer power on upstream firms. A retailer can, for example,
stop carrying a product to punish a particular supplier for not agreeing on her re-
quests. It might as well use delisting as a threat, so that she can get better terms of
trade. How will demand react to the delisting of a product? Will consumers substi-
tute brands in the same store or will decide to source an alternative store? What is
the role of shopping costs in this decision? These are questions to be addressed.
To carry out such policy analyses, a more comprehensive and flexible framework
allowing for multiple brands per category in each supermarket as well as the possibil-
ity of elastic choices by consumers (bundles containing zero, one or multiple products
as opposed to a fixed number) is needed. Our structural model can be readily ex-
tended to cover such changes. However, the empirical implementation of such a
flexible framework is challenging and computationally burdensome, in particular be-
cause each product added to the problem increases the dimension of the choice set
exponentially. This and other related issues are part of our current research efforts
that we hope will allow us to come up with a solution in the near future.
Finally, theoretical and empirical analyses should be done on retailers’ motiva-
tions to raise consumers shopping costs and the consequences of such strategies for
competition and consumer welfare. One-stop shopping make more powerful retailers.
Klemperer (1992) predicts that if consumers are not interested to source multiple re-
tailers, prices will tend to be higher. It might be the case that consumers face such
high shopping costs that they are not able to do multistop shopping even if they
would like to. Retailers might use their market power to raise customers shopping
costs by making the shopping experience more tiring or complicated, so that their
share of one-stop shoppers increases.
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Appendix
3.A The utility function of a n-stop shopper
We can give a general expression for the optimal decision rule of a n-stop shopper,
n ∈ N = {1, · · · , Ri}, Ri 6 R, being R the total number of grocery stores in the mar-
ket, as follows. Assume a n-stop shopper compares bundles of the desired products
from all the possible combinations of n stores. Denote each of these combinations by
j ∈ {1, · · · , Jni }, where according to combinatorics theory, the total number of com-
binations of R elements taken n at a time is given by Jni = Ri!/n!(Ri −n)! Consumer








max{vikr′t}r′∈l ∀ l = 1, · · · , Ji
For instance, in a context with R = 3 stores, a one-stop shopper n = 1 will pick
the best combination of one store out of J1i = 3 possible {A},{B},{C}, and pick the
best mix such that it yields the largest overall value of the desired bundle. Similarly,
a two-stop shopper, n = 2, will compare all J2i = 3 possible combinations of two
stores ({A,B},{B,C},{A,C}) and pick the best according to the rule above. For a
three-stop shopper, n = 3, the number of combinations of three stores taken three at
a time is J3i = 1, i.e. {A,B,C} which explains why he is not maximizing over several
subsets of stores in equation (3.3).
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3.B Cases for extra utilities ordering
As stated in Section 3.3, we can derive critical cutoff points on the shopping costs





As these numbers represent utilities for different, say, products, their ordering can
vary from a consumer to another. Therefore, we need to establish what the cutoffs
would be in a case by case analysis.
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From the six cases above, only (C1) survives, the remaining are contradictory.





it, can be written as the sum of the two marginal utilities of going from




it. Therefore, if we



















which after some manipulations leads to δ2it > δ
3
it, i.e. a contradiction. In a similar
fashion, the proofs for the other cases follow.
3.C Data manipulation for structural estimation
Three products are taken into the analysis, fresh desserts, yogurt and sugary
biscuits, which are among the most purchased products by french households. It is
often the case that people do not only buy one brand, or even one unit of the same
brand at a time but several varieties to have different choices at home (different
flavors, fruit contents, etc.). However, following Nevo (2001), we claim that an
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individual normally consumes one yogurt (125 grams per portion), one serving of
biscuits (30 grams per portion), and one serving of dessert (28 grams per portion) at
a time, so that the choice is discrete in this sense. Of course there could be cases in
which some people consume more than one brand, or serving, at a time. Although we
believe this is not the general case, the assumption can be seen as an approximation
to the real demand problem.
In our scanner data we do not observe prices but total expenditure and total
quantity purchased for each product and store sourced by each household. Conse-
quently, a price variable was created in the following way: first, we compute the
sum of expenditures over local markets(defined by zip codes), month, and stores and
number of servings of each product purchased by each consumer. Second, we divided
the total expenditure on a given product-store made by all consumers living in the
same zip code in a month by the the total number of servings to obtain a common
unit price. If the information to compute a unit price is missing, we replace it with
the average across local markets within the same period. By constructing our price
variable this way, we are assuming that consumers have rational expectations. Due
to data limitations, we do not account for manufacturers’ nor stores’ promotional
activities or sales of any kind.
Last, to compute distances between the store and the household location we
follow Dubois and Jódar-Rosell (2010). Data on stores location was obtained from
LSA/Atlas de la Distribution 2005, which contains information on most french stores
involved in groceries distribution. The information was merged with the household
data using the name of the store, the zip code of the consumer’s residence and the
surface of the outlet. For each store, we find the closest outlet to the consumer thanks
to zip codes and geographical data. Only one outlet per store chain was included in
this set.
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3.D Retailers price indices
We follow closely Dubois & Perrone (2010) for the construction of our price in-
dex. The retail price index corresponds to a weighted average of the products prices
included in our dataset. The construction of the retail index is done in the following
way:
(1)- As the same product k is purchased at different prices by each consumer i
at the same retailer j, same period t, and in the same region m, we define a single













Here pkijmt corresponds to the price paid by consumer i for product k, at retailer j,
at period t, and in region m. Similarly, qkijmt corresponds to the quantity purchased,
while Nkjmt corresponds to the number of varieties of product k at retailer j at period
t in region m.
(2)- Having all unique product-retailer-region-period prices, we collapse them into


























where Nk correspond to the number of all the products of type k available. The
weight corresponds to the share of mean expenditures done by the consumers on
product k, across retailers, region and periods, over all other mean expenditures.
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This is to say, the higher the expenditure on product k across the sample, more
weight it attributes to the formation of the retailer price index.
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